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SUMMARY
Plasma conisol levels are elevated in salrnonid fish subjected to all forms of
environmental stress.
In the short-term, this is an adaptive response but under chronic conditions, elevated
cortisol levels may be maladaptive.
Chronic cortisol elevation is directly responsible for many of the damaging effects on
survival (disease resistance), growth and reproduction.
Rainbow trout appear to be less sensitive than either brown trout or Atlantic salmon
to environmental stress. However, this may reflect stain differences rather than
genuine species differences.
A series of guidelines for fish farmers has been developed to minimize stress-induced
damage under aquaculture conditions.
Current work is directed towards selecting strains of rainbow trout with a reduced
cortisol response to common aquacultural stresses.
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I INTRODUCTION
The term 'environmental stress' is frequently used to describe those conditions detrimental
to the state of well-being of an animal, although it is a difficult concept to defme in precise
terms (Pickering,1981). In the past, considerable attention has been given to conditions which
are directly lethal to fish and, consequently, the factors leading to sudden fish kills are usually
well-understood. However, most environmental disturbances are not directly lethal, yet can
still damage fish populations by increasing their susceptibility to disease, by reducing fish
growth and by interfering with reproducdve processes. Such disturbances, or stresses, may
take the form of sudden temperature or pH changes, water quality deterioration, sublethal
pollution or suesses associated with intensive fish husbandry. Indeed, it has been suggested
that most outbreaks of infectious diseases in the expanding aquaculture industry are related
to poor husbandry techniques. An understanding of the basic physiological and
endocrinological processes occurring in fish subjected to such types of stress is, therefore
essential if we are to avoid or minimize the worst consequences of stress on the fish's
performance capacity (survival, growth and reproductive success).
This report summarizes the results of a research programme, part-funded by the Ministry of
Agriculture, Fisheries and Food (Project NBB 13) from I April 1985 to 31 March 1990,
designed to provide such an understanding of the response of salmonid fish to various forms
of environmental fish.
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H INITIAL OBJECTIVES OF THE RESEARCH
I. The developmentof techniquescapableof measuringphysiologicalstress responses
withoutthe inherentproblemsof changesrelatedto the processesof experimentation
themselves.
Elucidationof thelinksbetweentheimmediatephysiological/endocrinologicalchanges
occurring in stressed fish and their ultimate expression in terms of survival, growth and
reproduction.
To investigatethe possibilityof using changesin the physiologyor endocrinologyof
the fish as a predictiveindicatorof longer-termsurvivalprobabilities(ie.as an 'early warning
system').
To develop methods for controlling the stress response or for minimizing the
subsequentdamageto the fish.
III BACKGROUND
Studieson thebrowntrout,Salmo trutta prior to 1985hadestablishedseveralimportantfacts.
It is possible, by means of careful experimentaldesign and with sufficient tank to tank
replication,to measuresome of the more sensitiveand rapid changesthat occur in stressed
fish withoutthe resultsbeing obscuredby changescausedby disturbanceof the fish during
the samplingprocedures- Objective1 (Pickeringet al., 1982). However,work of this type
can only be successfullyundertakenat an organisationsuch as the FBA (now the IFE) with
extensivefish-rearingand experimentalfacilities. An invariableresponseof stressedfish to
all formsof environmentalstressis an activationof the hypothalamic-pituitary-interrenalxis
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witha resultantelevationin thebloodplasmaof thesteroidhormone,cortisol(Pickering&
Pottinger,1984,1985b;PickeringandStewart,1984). Thisaspectof thestressresponse,in
associationwithotherhormonalchanges,is believedto be of adaptivesignificancein the
short-termby mobilizingenergyreservesnotnormallyavailableto thefish as it attemptsto
avoid and overcomethe immediatethreat. However,duringchronicstress or under
aquacultureconditions,wherethereis noescape,elevatedcortisollevelsmaybemaladaptive.
Thus,administrationof cortisoltootherwiseunstressedfishcausesa decreasein whiteblood
cell counts(Pickering,1984)andan increasein susceptibilityto commonformsof disease
(Pickering& Duston,1983; Pickering& Pottinger,1985b). This link betweenelevated
cortisolevelsanddisease(Objective2) mayexplainwhy,inchronically-stressedfish,plasma
cortisollevelsmayultimatelybe reducedto basalvalues(acclimation)despitethecontinued
presenceof the stress(Pickering& Pottinger,1985a; Pickering& Stewart,1984). Theuse
of elevatedplasmacortisolevelsasanindicatorof stress(Objective3) isfurthercomplicated
by seasonalanddid rhythmsof cortisollevels,bypost-prandialfeedingpet (Pickering&
Pottinger,1983)andbychangesassociatedwithsexualmaturity(Pickering& Christie,1981).
Interestingly,periodsof chroniccortisolelevationduringthelaterstagesof sexualmaturation
areassociatedwithlyrnphocytopenia(Pickering,1986; Pickering& Pottinger,1987)andan
increasein the susceptibilityof post-spawningfish to disease(Richards& Pickering,1978;
Pickeringand Christie,1980; Pickering& Willoughby,1982 a,b). This increased
susceptibilityto diseaseis exacerbatedby androgen-inducedchangesin theskin(Pickering,
1977; Pottinger& Pickering,1985a,b). Environmentalstresscanalso activateotheraspects
of thepituitarygland,includingtheparsintermedia(Sumpteret al., 1985; Pickeringet al.
1986).
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The research programme was part-funded by MAFF from April 1985 and, against the above
background of information on the stress response of brown trout, greater emphasis was then
given to studies of the rainbow trout, Oncorbinchusmvkiss (Walbaurn), (formerly Salrno 
gairdneriRichardson) because this species forms the basis of the expanding aquaculture in
England. However, for comparative purposes, some work on the brown trout was maintained.
The rest of this report summarizes the work from 1985-1990 and is organized on the basis of
subject matter, rather than as a chronological record. During this period, a total of 21 papers
from the project have been published, or have been accepted for publication, and these are
included as Appendix 1 at the end of the report.
IV ENDOCRINOLOGY OF THE RESPONSE OF SALMONID FISH TO STRESS
In qualitative terms, rainbow trout respond to various forms of environmental stress in a
similar manner to brown trout. Thus, the hypothalamic-pituitary-interrenal axis is activated
but the magnitude of the stress-induced cortisol elevation is, in general, lower than that of the
brown trout (Pickering & Pottinger, 1989). However, this apparent species difference might
well be the result of strain to strain differences in sensitivity to stress bennse, from a survey
of 5 different strains of rainbow trout, we found one strain (Caribou) which consistently
responded to a standard form of confmement stress with a higher cortisol response than the
other 4 strains and, in this respect at least, was similar to the brown trout (Pickering &
Pottinger, 1989). Clearly, further work on different strains of both domesticated and wild
rainbow tout is needed if we are to resolve this problem. Regarding wild strains of fish,
during the course of this work we had the opportunity to sample 2 natural populations of
Salmotronaand found that, contrary to speculative suggestions by other workers in this field,
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wild brown trout had extremely low plasma cortisol levels (< 2 ng mr) for much of the year.
This agrees with our studies on hatchery-reared fish. Preliminary evidence, however, suggests
that sea trout in Dale Pa& Beck (SD 353 927) may have significantly higher and more
variable plasma cortisol levels than resident trout in Stainton Beck (SD 528 865) (Pickering
& Pottinger, unpublished). Sexual maturation in wild fish, as in hatchery-reared fish, appears
to be associated with elevated plasma cortisol levels.
For a steroid hormone, such as conisol, to have a physiological effect it must first combine
with specific hormone receptors in the cells of the target tissues. In rainbow trout, continuous
(chronic) confmement causes the expected elevation of plasma cortisol levels but the cortisol
binding capacity of one of the principal target organs, the liver, is significantly reduced within
48 h of confmement (Pottinger, 1990). Moreover, implantation of physiological doses of
cortisol into otherwise unstressed fish also caused a reduction in hepatic cortisol binding
capacity. In view of the potentially damaging effects of cortisol on the defence systems,
growth processes and reproductive physiology (seebelow), this 'down-regulation' of target
tissue sensitivity might represent an acclimatory response prior to the ultimate reduction of
plasma cortisol levels in chronically-stressed fish (Pickering & Pottinger, 1989). Clearly, this
is an important area for further study because change in target tissue sensitivity is yet another
form of control which must influence the physiological consequences of hormonal changes
during the stress response of fish.
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V STRESS AND DISEASE RESISTANCE
We have shown that chronic elevation of plasma cortisol in response to most forms of
environmental stress is sufficient to cause a significant increase in the susceptibility of
salmonid fish to disease. Thus there is a direct, and highly significant, correlation between
mean plasma cortisol levels in hormonally-implanted brown trout and the mortality rate, due
to disease, within the experimental population (Pickering, 1989a). Indeed, brown trout are so
sensitive that chronic elevation of plasma cortisol from a basal value of < 2 ng niti to only
10 ng m1-1 is sufficient to cause a significant increase in susceptibility to Saprolegnia
infection, furunculosis and fin-rot (Pickering, 1989b). Rainbow trout also respond to plasma
cortisol elevation with an increase in susceptibility to disease but evidence by Pickering et al.,
(1989) indicates that this species is less sensitive than the brown trout to physiological doses
of cortisol. Nevertheless, a chronic stress such as social domination of one fish by another,
under conditions of prolonged confinement, is capable of elevating plasma cortisol, reducing
the number of circulating lymphocytes and increasing the susceptibility of rainbow trout to
Flexibacter infection (Pickering & Pottinger, in preparation). Thus, the species difference
again seems to be quantitative rather than qualitative. This comparative approach was
extended to Atlantic salmon, Salmo salar, and we were able to show that during the fish's
fust winter in freshwater, the increased mortality rate was also associated with elevated
plasma cortisol levels and reduced white blood cell counts (Pickering & Pottinger, 1988). It
seems likely, therefore, that the results of our studies can be applied, in principle, to all
salmonid species.
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The most important conclusion from this aspect of our work is that chronic plasma conisol
elevation, as a result of environmental stress, is a major factor in predisposing fish to common
bacterial and fungal infections and to parasitic infestations. Moreover, this has been
demonstrated at cortisol levels well within the physiological range for the species and at
levels which have frequently been reported in the literature as being typical of 'unstressed'
fish. It is clear, therefore, that the defence systems of salmonid fish are much more sensitive
to chronically-elevated plasma cortisol levels than was hitherto realised. The quantitative
relationship between plasma cortisol and mortality due to disease also suggests that from a
knowledge of the state of activity of the hypothalarnic-pituitaiy-interrenal axis and target
tissue sensitivity to cortisol, one might be able to predict, and thus take steps to prevent,
potential disease outbreaks (Objective 3).
VI STRESS AND GROWTH
We have demonstrated 3 possible hormonal pathways involved in the growth suppression of
stressed, salmonid fish (Pickering, 1990 a,b). The catabolic action of elevated plasma cortisol
levels is one mechanism which can suppress growth in fish. We have shown that cortisol
elevation in both brown trout and rainbow trout causes a significant reduction in the
coefficient of condition of the fish (Pickering et al.,1989), a result of the mobilisation of body
reserves. Ultimately, growth rate is suppressed in cortisol-treated fish. However, growth
suppression continues in chronically-stressed brown trout long after plasma cortisol levels
have acclimated to basal values (Pickering & Stewart, 1984). Clearly, the control of growth
processes in sahnonid is a complex subject, probably involving many other aspects of the
fish's endocrine system. One such aspect concerns the effect of environmental stress on the
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levels of pituitarygrowthhormonecirculatingin the blood of rainbowtrout. However,this
study was the subjectof a separateMAFFCommissionand full detailscan be found in the
Final Customer's Report (FBA Report Reference Number W1/272/1F,May 1988). In
summary,it was alreadyknown that pituitarygrowth hormoneis an importantand highly
effectivegrowthpromoterin salmonidfish and we have shown that an acutestress, such as
short-termhandlingand confinement,is capableof suppressingcirculatinggrowth hormone
levels in the rainbowtrout. Paradoxically,chronic stresses such as overcrowdingcause a
significantelevationof growthhormonelevels,aneffectwhichwe interpretas a physiological
responseto starvationin the stressedfish. In the short-term,however,stressmight contribute
to growthsuppressionby reducingcirculatinggrowthhormonelevels.
A thirdhormonalpathwaywhichcouldcausegrowthsuppression,at leastduringcertainparts
of the animal'slife cycle,is via the suppressionof circulatinganabolicsteroids,such as some
of the reproductivehormones. The effectof stresson androgensand oestrogenswill be dealt
with in the next sectionon reproduction. It is apparentthat the controlof growth processes
is a complex subject involving many factors and ought to be the focus of continuing
investigation,particularlyin relation to recent advances in the techniquesfor measuring
growthhormones,insulinsand somatomedins(insulin-likegrowthfactors)in fish.
VII STRESS AND REPRODUCTION
The investigationof endocrineprocessesgoverningthe relationshipbetweenenvironmental
stressandreproductivephysiologyof salmonidfish is a relativelynew areaof research,much
of whichoriginatesdirectlyfrom this MAFFCommission. Progresshasbeen facilitatedby
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a fruitful collaboration with Dr. J. P. Sumpter and colleagues (Brunel University), a
collaboration for which we are most grateful. Both acute and chronic stresses have been
shown to suppress, significantly, the levels of circulating androgens, testosterone and 11-
ketotestosterone, in sexually maturing male brown trout (Pickering et al., 1987; Sumpter
et al., 1987). This effect could be mimicked by cortisol administration to otherwise unstressed
fish (Carragher et aL, 1989). Furthermore, the reproductive endocrinology of sexually
maturing female trout (both brown and rainbow) was suppressed by cortisol treatment,
resulting in a significant suppression of pituitary gonadotropin levels, of plasma oestradiol and
testosterone and of circulating yolk precursors in transit from the liver to the ovary. The net
effect after 3 weeks of cortisol treatment was a significant reduction in the size of the gonad
in both male and female fish. Thus, cortisol elevation as a result of chronic stress is capable
of seriously interfering with the maturational processes of salmonid fish. Many of the
mechanisms linking the hypothalamic-pituitary-interrenal axis to the pituitary-gonadal axis
require elucidation but in vitro studies at Brunel University have already shown that
physiological doses of cortisol can suppress oestradiol release from the oocytes (Sumpter
et al., 1987) and gonadotropin secretion from the pituitary gland (Carragher & Sumpter, 1990).
Moreover, Pottinger & Pickering (1990) have demonstrated that in vitro cortisol administration
reduces the number of oestradiol receptors in the liver of female rainbow trout (vitellogenin
production by the liver is stimulated by oestradiol from the ovary of maturing fish). Thus,
cortisol has the potential to suppress the pituitaty-gonadal axis at several different sites.
Future studies should attempt to elucidate the effects of environmental stress and cortisol
elevation on the reproductive system in terms of the quantity and quality of the gametes.
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VIII PRACTICALMEASURESTO AVOID OR MINIMIZETHE DAMAGING
EFFECTSOF STRESS
Oneof therequirementsof MAFFwasthattheresultsof thisworkshouldbe fed backto the
aquacultureindustryin theformof adviceforavoidingorminimizingstress-relatedamage
in thefish farm. As a consequence,papershavebeengiven at severalmeetings,including
the prestigiousAquaNormeeting(Pickering,1988)whichis attendedbylargenumbersof
U.K. fish farmers,anda seriesof guidelineshasbeenpublishedin TroutNews (Pickering,
1989c).A fullerversionof theseguidelines,withadditionalbackgroundinformation,hasalso
beenacceptedforpublicationin RecentAdvancesin Aquaculture(Pickering,1990b). The
guidelinescanbe brieflysummarizedas follows:-
Minimizethedurationof unavoidablestress.
Avoidstressingathighwatertemperatures.
Avoidmultiplestressesat all times.
Use dilutesaltsolutionsfortransportationof freshwatfish.
Withdrawfoodpriorto stressing(e.g. grading).
Use mildanaesthesiaunderextremeconditions.
Inadditiontoproducingtheseguidelines(manyof whichconstitutegoodhusbandrypractice),
we have also investigatedthe valueof floating,overheadcoverin attemptingto minimize
stressresponses(Pickeringet al., 1987a). Althoughineffectivewithbothbrowntroutand
rainbowtrout,the provisionof overheadcover more than doubledthe growth rate of
underyearlingAtlanticsalmon,resultinginadoublingof theproportionofpotentialSI smolts
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(uppersizemodeat the end of the first summer'sgrowth). Moreover,overheadcoverhalved
the mortalityrate due to diseaseof potentialS2 fish (lowersize modeparr)duringtheir first
winter in freshwater(Pickering& Pottinger,unpublished). It is not yet dear whether these
beneficial effects of cover on Atlantic salmon, but not on brown trout or rainbow trout,
represent a speciesor a strain difference. It is, perhaps,relevantthat the brown trout and
rainbowtrout were fromdomesticatedstrainswhereasthe salmonwere first generationfrom
wild fish. Nevertheless,overhead cover is a valuable tool that the fish farmer should
consider;particularlyif breedingfrom wild stocksfor restockingpurposes.
IV FUTURE DEVELOPMENTS
This study has clearlyshownthat many of the damagingeffectsof environmentalstress are
mediatedby chronically-elevatedplasma cortisol levels. Consequently,it is appropriateto
examinemethodsfor reducingthis aspectof the stressresponseor for blockingthe actionof
cortisol on the target tissues. As already pointed out, the hormonal effects of cortisol
(includingits potentiallydamagingeffects)are mediatedvia specificcortisolreceptors. It is
possible,by meansof dexamethasonetreatment,to blockthesereceptorstherebyinactivating
the hypothalamic-pituitaty-interrenalxis (pituitaryACTHsecretionis ultimatelycontrolled
by a feedbackmechanisminvolving cortisol receptors). Thus, dexamethasonetreatment
completelyabolishesthe stress-inducedelevationof plasmaACTHand cortisol (Pickering
et al 1987b). However, dexamethasoneis itself a potent synthetic corticosteroid and
produces cortisol-likeeffects such as lymphocytopenia(Pickering et aL, 1987b). It is,
therefore,an inappropriatetoolto minimizestress-induceddamageon, forexample,the fish's
defencesystems. Othersyntheticsteroidshavesincebeendevelopedformammalianuse and
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one of these, RU 486, appears to bind effectively to the rainbow trout cortisol receptor
(Pottinger, 1990). If this steroid behaves in fish as it does in manmrals, it ought not to act as
a corticosteroid in its own right and might, therefore, be useful in minimizing stress-induced
damage. However, steroid treatment is not acceptable to the industry and this approach could
only be used for research purposes. Nevertheless, it could provide a powerful tool for
investigating other roles of cortisol in the stress response.
An alternative approach to minimizing the stress response is to attempt to develop strains
which only produce limited amounts of corticosteroids in response to husbandry stresses, an
approach which has been successfully adopted in the poultry industry. By means of careful,
repeated screening of the cortisol response of individually marked rainbow trout, we have
been able to identify fish which give a consistently low or a consistently high cortisol
response to the stress of confmement (Pickering, Pottinger & Hurley, in preparation). Eggs
from these fish have been fertilized and have recently hatched. The resultant offspring will
be examined for differences in the magnitude of their cortisol response (evidence from
Norwegian studies on the Atlantic salmon suggests that stress-induced cortisol elevation has
a heritable component). If it is possible to develop new strains of fish with different
physiological/endocrinological stress responses, further work will be required to monitor the
performance of these fish (survival, growth, reproduction) under conditions of aquacultural
stress. In addition, attention must also be given to the possibility of differences in target
tissue sensitivity to cortisol. Clearly, this research is long-term in nature with a high basic
science component.
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APPENDIXI
Copiesof the scientificpaperspublished(or in the processof publication)as a result of this
commission. Papersare boundin chronologicalorder.
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rre
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ra
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-re
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rre
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l
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f
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f
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ra
in
bo
w
tro
ut
.
Th
e
m
e
a
n
pl
as
m
a
co
rti
so
l
le
ve
l
in
ra
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d
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d
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rre
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ra
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) d
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n
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s b
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at
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c
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f p
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d
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e
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M
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R
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at
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r
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ra
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d
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d
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d
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at
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o
f
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m
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at
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.
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e
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ra
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at
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e
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at
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fis
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bje
cte
d
to
e
le
va
te
d
fre
e
CO
2
a
n
d
a
m
m
o
n
ia
le
ve
ls
.
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f
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l
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at
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ra
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l
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re
du
ct
io
n
in
th
en
um
be
rs
o
f c
irc
u-
la
tin
g
th
ro
m
bo
cy
te
s
a
n
d
lym
ph
oc
yt
es
, a
s
co
m
pa
re
d
w
ith
u
n
cr
o
w
de
d
co
n
tro
l
fis
h
(F
ig.
4).
Co
nt
ro
l
br
ow
n
tro
ut
ha
d
co
n
si
de
ra
bl
y
m
o
re
th
ro
m
bo
cy
te
s
th
an
co
n
tro
l
ra
in
bo
w
tro
ut
,
a
di
ffe
re
nc
e
w
hi
ch
w
a
s
m
a
in
ta
in
ed
th
ro
ug
ho
ut
th
e
e
xp
er
im
en
t
(17
50
0±
61
8
cf
.
11
40
0±
54
9
ce
lls
la
r
,
re
sp
ec
tiv
el
y
(m
ea
n ±
s.
E.
14
.,n
=
80
),
P<
0-
00
11
H
ow
ev
er
, c
ro
w
di
ng
su
pp
re
ss
ed
th
e
th
ro
m
bo
cy
te
co
u
n
ts
in
bo
th
sp
ec
ie
s
(P
<O
-00
5
in
e
a
ch
ca
se
)w
ith
n
o
re
a
l s
ig
ns
o
f
re
co
ve
ry
du
rin
g
th
e
21
da
ys
po
st
-
Co
ef
fic
ie
nt
o
fco
n
di
tW
n
I 4
0
1-
36
1.
32
1-
28
i.2
4
1-
20
0
2
6
10
14
6
10
i4
21
CR
O
W
DI
NG
AN
D
LE
UC
O
PE
NI
A
70
5
70
6
A.
D
.
PI
CK
ER
IN
G
AN
D
T.
G
.
PO
TT
IN
G
ER
( d
1
-
/1
1N
i
1
-
.
I
1-
-
-
1
21
2
6
Ti
m
e
( d
ay
s)
FI
G
.
2.
Ch
an
g=
in
pl
as
m
a
co
n
n
e
d
a
n
d
la
ct
at
e
co
n
te
nt
:1
.0
o
s
o
f
(a)
.
(c)
br
ow
n
tro
ut
a
n
d
(b)
.
(d)
ra
in
bo
w
tro
ut
du
rin
g
ch
ro
ni
c
cr
o
w
di
ng
Se
e
le
ge
nd
to
Fi
g.
I
fo
r
de
ta
ils
.
cr
o
w
di
ng
0.
e.
n
o
si
gn
ific
an
t
tre
at
m
en
t
x
tim
e
in
te
ra
ct
io
n,
se
e
Fi
g.
4(a
),
(b)
).
An
e
ve
n
gr
ea
te
r
di
ffe
re
nc
e
be
tw
ee
n
th
e
tw
o
sp
ec
ks
w
a
s
o
bs
er
ve
d
in
th
e
n
u
m
be
r
o
f
ci
rc
ul
at
in
g
lym
ph
oc
yt
es
in
th
e
bl
oo
d
o
f
u
n
cr
o
w
de
d
co
n
tro
l
fis
h.
Th
e
m
e
a
n
lym
-
ph
oc
yt
e
co
u
n
t
o
f
co
n
tro
l
br
ow
n
tro
ut
w
a
s
52
66
8
±
20
95
ce
lls
pr
I (
me
an
±
S.
EM
.,
=
80
) c
o
m
pa
re
d
w
ith
15
92
1
+
83
3
fo
r
th
e
ra
in
bo
w
tro
ut
(P
.<0
.00
1).
Cr
ow
di
ng
ca
u
se
d
a
m
a
rk
ed
re
du
ct
io
n
in
th
e
lym
ph
oc
yt
e
co
u
n
t
o
f
br
ow
n
tro
ut
a
t
2d
ay
s
po
st
-
cr
o
w
di
ng
(do
wn
to
28
00
0
ce
lls
pl
')
a
n
d
th
e
su
pp
re
ss
io
n
w
a
s
m
a
in
ta
in
ed
th
ro
ug
ho
ut
th
e
e
xp
er
im
en
t
(P
<
0.
00
1,
n
o
si
gn
ific
an
t
tre
at
m
en
t
x
tim
e
in
te
ra
ct
io
n)
a
lth
ou
gh
th
e
da
ta
ga
ve
th
e
im
pr
es
sio
n
o
f
a
ce
rta
in
de
gr
ee
o
f
re
co
ve
ry
du
rin
g
th
e
la
te
r
st
ag
es
o
f
th
e
e
ip
er
im
en
t
(F
ig.
4(c
)).
Th
is
w
a
s
pa
rtl
y
re
la
te
d
to
th
e
fa
ct
th
at
lym
ph
oc
yt
e
co
u
n
ts
in
th
e
co
n
tro
l
fis
h
dr
op
pe
d
sl
ig
ht
ly
a
t
da
y
10
.
In
th
e
ra
in
bo
w
tro
ut
,
cr
o
w
di
ng
ca
u
se
d
a
le
ss
dr
am
at
ic
bu
t
hi
gh
ly
si
gn
ific
an
t
(P
<
0.
0
I)
re
du
ct
io
n
in
th
e
n
u
m
be
r
o
f
ci
rc
ul
at
in
g
lym
ph
oc
yt
es
,
a
su
pp
re
ss
io
n
w
hi
ch
w
a
s
m
a
in
ta
in
ed
th
ro
ug
ho
ut
th
e
e
xp
er
im
en
t
(F
ig.
4(d
)).
1V
.
D
IS
CU
SS
IO
N
Cr
ow
di
ng
ca
u
se
d
a
re
du
ct
io
n
in
th
e
co
e
ffi
cie
nt
o
f
co
n
di
tio
n
(K
) o
f
bo
th
sp
ec
ie
s
o
f
tro
ut
du
rin
g
th
e
pr
es
en
t
in
ve
st
ig
at
io
n
bu
t
th
e
du
ra
tio
n
o
f
th
e
e
xp
er
im
en
t
(3
w
e
e
ks
) 

w
a
s
n
o
t
su
ffi
cie
nt
to
a
llo
w
th
e
de
m
on
st
ra
tio
n
o
f
su
pp
re
ss
io
n
o
f
gr
ow
th
ra
te
pe
r s
e
.
It
se
e
m
s
u
n
lik
el
y
th
at
th
e
e
ffe
ct
o
n
K
fa
ct
or
w
a
s
m
e
di
at
ed
by
de
le
te
rio
us
ch
an
ge
s
in

w
a
te
r
qu
al
ity
a
s
a
re
su
lt
o
f
th
e
in
cr
ea
se
d
st
oc
ki
ng
de
ns
ity
,
be
ca
us
e
Sm
ar
t
(19
81
)
re
po
rte
d
th
at
th
e
gr
ow
th
o
f
ra
in
bo
w
tro
ut
,
w
a
s
si
m
ila
r
w
he
n
re
a
re
d
a
t
60
,
85
a
n
d
12
0%
o
xy
ge
n
sa
tu
ra
tio
n,
w
ith
n
o
gr
ow
th
su
pp
re
ss
io
n
e
ve
n
a
t
th
e
lo
w
es
t
o
xy
ge
n
co
n
ce
n
tra
tio
n.
In
th
e
pr
es
en
t
st
ud
y
th
e
o
xy
ge
n
co
n
ce
n
tra
tio
n
in
th
e
m
o
st
cr
o
w
de
d
ta
nk
s
n
e
ve
r
dr
op
pe
d
be
lo
w
60
%
sa
tu
ra
tio
n
(=
6.
32
m
g
r
a
t
I3
°C
).
To
ta
l
a
m
m
o
n
ia
co
n
ce
n
tra
tio
ns
w
e
re
lo
w
in
a
ll
ta
nk
s
a
n
d
u
n
io
ni
ze
d
a
m
m
o
n
ia
re
m
a
in
ed
w
e
ll
be
lo
w
th
e
le
ve
ls
re
co
m
m
e
n
de
d
a
s
's
a
fe
by
th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
tio
n
Ag
en
cy
(19
76
).
Th
us
,
it
se
e
m
s
lik
el
y
th
at
th
e
im
po
rta
nt
co
m
po
ne
nt
o
f
e
n
vi
ro
nm
en
-
ta
l s
tre
ss
w
a
s
th
e
de
gr
ee
o
f
cr
o
w
di
ng
a
n
d
n
o
t
a
ch
an
ge
in
w
a
te
r
qu
al
ity
a
s
a
re
su
lt
o
f
cr
o
w
di
ng
.
Pl
as
m
a
co
rti
so
l
le
ve
ls
w
e
re
e
le
va
te
d
in
bo
th
sp
ec
ie
s
o
f
tro
ut
fo
llo
wi
ng
th
e
o
n
se
t
o
f c
ro
w
di
ng
.
H
ow
ev
er
,
co
rti
so
l
re
tu
rn
ed
to
ba
sa
l l
ev
el
s
by
da
y
6
in
th
e
br
ow
n
tro
ut
a
n
d
by
da
y
10
in
th
e
ra
in
bo
w
tro
ut
de
sp
ite
th
e
co
n
tin
ue
d
cr
o
w
di
ng
.
Th
is
re
la
tiv
el
y
ra
pi
d
a
cc
lim
at
io
n
o
f
th
e
pl
as
m
a
co
rti
so
l
le
ve
ls
o
f
sa
lm
on
id
fis
h
to
ch
ro
ni
c
st
re
ss
is
12 a a. z
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00
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0
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0
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ra
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2
6
10
14
21
02
6
10
19
21
Ti
m
e
(d
ay
s)
FI
G
.4.
Ch
an
g=
in
th
e c
o
n
ce
n
tr
at
io
ns
o
f c
irc
ul
at
in
g
th
ro
m
bo
cy
te
s
an
d
ly
m
ph
oc
yt
es
in
(a)
, (c
), b
ro
w
n
tr
ou
t
an
d
(b)
, (d
), r
ai
nb
ow
tr
ou
t d
ur
in
g
ch
ro
ni
c
cr
o
w
di
ng
Se
ek
ge
nd
to
Fi
g.
I f
or
de
ta
ils
.
co
n
si
st
en
t w
ith
th
e
fin
di
ng
s
o
f s
e
ve
ra
l o
th
er
w
o
rk
er
s
(se
eS
ch
re
ck
, 1
98
1f
or
re
fe
r-
e
n
ce
s)b
ut
co
n
tra
st
s
so
m
e
w
ha
t w
ith
th
e
st
ud
y
o
f P
ic
ke
rin
g
&
St
ew
ar
t (
19
84
) o
n
th
e
a
cc
lim
at
io
n
o
f t
he
br
ow
n
tro
ut
to
ch
ro
ni
c
cr
o
w
di
ng
;
in
th
ei
r
st
ud
y,
pl
as
m
a
co
rti
so
l
le
ve
ls
w
e
re
e
le
va
te
d
fo
r 2
8d
ay
s p
os
t-c
ro
wd
in
g
bu
t r
e
tu
rn
ed
to
ba
sa
l v
a
lu
es
by
da
y
40
.
It
is
n
o
t
cl
ea
r
w
he
th
er
th
is
di
ffe
re
nc
e
in
a
cc
lim
at
io
n
tim
e
is
re
la
te
d
to
th
e
di
ffe
re
nt
st
ra
in
s
o
f
fis
h
u
se
d
in
th
e
tw
o
st
ud
ie
s
o
r
to
di
ffe
re
nc
es
in
e
xp
er
im
en
ta
l
co
n
di
tio
ns
.
Li
ttl
e
in
fo
rm
at
io
n
is
a
va
ila
bl
e
o
n
th
e
m
e
ch
an
is
m
o
f
a
cc
lim
at
io
n
to
70
8
A
.
D
.
PI
CK
ER
IN
G
A
N
D
T.
G
.
PO
TT
IN
G
ER
ch
ro
ni
c
st
re
ss
bu
t
R
ed
di
ng
e
r
a
l.
(19
84
)
pr
es
en
t
e
vi
de
nc
e
su
gg
es
tin
g
th
at
a
n
in
cr
ea
se
d
m
e
ta
bo
lic
cl
ea
ra
nc
e
ra
te
o
f
co
rti
co
st
er
oi
ds
fro
m
th
e
bl
oo
d
m
ig
ht
be
a
n
im
po
rta
nt
co
m
po
ne
nt
.
Th
us
,
th
e
FI
PI
a
xi
s
o
f
ch
ro
ni
ca
lly
cr
o
w
de
d
fis
h
m
a
y
st
ill
be
m
o
re
a
ct
iv
e
th
an
th
at
o
f
u
n
st
re
ss
ed
fis
h
de
sp
ite
th
e
re
tu
rn
o
f
pl
as
m
a
co
rti
so
l
to
ba
sa
l
le
ve
ls
.
Fu
rth
er
w
o
rk
u
si
ng
th
e
re
ce
n
tly
va
lid
at
ed
AC
TH
ra
di
oi
m
m
un
o-
a
ss
a
y
fo
r
sa
lm
on
id
bl
oo
d
pl
as
m
a
(S
um
pte
r
&
D
on
al
ds
on
,
19
86
)
w
o
u
ld
he
lp
to
re
so
lv
e
th
is
pr
ob
le
m
.
Th
e
se
x
a
n
d
st
at
e
o
f
m
a
tu
ra
tio
n
ha
d
n
o
m
e
a
su
ra
bl
e
e
ffe
ct
o
n
th
e
pl
as
m
a
co
rti
so
l
le
ve
ls
o
f
th
e
br
ow
n
tro
ut
u
se
d
du
rin
g
th
e
pr
es
en
t
st
ud
y
(S
ep
tem
be
r-m
id-
Oc
tob
er)
.
Th
is
co
n
fo
rm
s
w
ith
a
re
ce
n
t
in
ve
st
ig
at
io
n
u
si
ng
th
e
sa
m
e
st
oc
k
o
f
br
ow
n
tro
ut
(H
un
ge
rfo
rd
st
oc
k)
in
w
hi
ch
w
e
ha
ve
sh
ow
n
th
at
co
rti
so
l
e
le
va
tio
n
a
s
a
re
su
lt
o
f
se
xu
a
l
m
a
tu
ra
tio
n
do
es
n
o
t
o
cc
u
r
u
n
til
th
e
e
n
d
o
f
O
ct
ob
er
(P
ick
eri
ng
&
Po
tti
ng
er
,
19
87
).
D
ur
in
g
th
e
pr
es
en
t
st
ud
y,
ho
w
ev
er
,
se
xu
a
lly
m
a
tu
re
m
a
le
ra
in
bo
w
tro
ut
di
d
ha
ve
si
gn
ific
an
tly
hi
gh
er
pl
as
m
a
co
rti
so
l
le
ve
ls
th
an
im
m
at
ur
e
fis
h
o
f
e
ith
er
se
x.
In
bo
th
sp
ec
ie
s
cr
o
w
di
ng
ca
u
se
d
a
pe
rs
ist
en
t
re
du
ct
io
n
in
th
e
le
ve
ls
o
f
pl
as
m
a
la
ct
at
e,
a
n
o
bs
er
va
tio
n
w
hi
ch
se
e
m
e
d
so
m
e
w
ha
t
su
rp
ris
in
g
in
vi
ew
o
f
th
e
lo
w
er
o
xy
ge
n
co
n
ce
n
tra
tio
ns
in
th
e
cr
o
w
de
d
ta
nk
s.
O
ne
po
ss
ib
ilit
y
is
th
at
pl
as
m
a
la
ct
at
e
le
ve
ls
a
re
m
o
re
in
di
ca
tiv
e
o
f
th
e
de
gr
ee
o
f
m
u
sc
u
la
r
a
ct
iv
ity
o
f
th
e
fis
h
(B
lac
k,
19
57
a.
b)
ra
th
er
th
an
th
e
de
gr
ee
o
f o
xy
ge
n
a
va
ila
bi
lity
a
s
su
ch
.
H
ow
ev
er
,
th
is
is
n
o
t
su
pp
or
te
d
by
th
e
w
o
rk
o
f
W
en
dt
&
Sa
un
de
rs
(19
73
)
in
w
hi
ch
n
o
di
ffe
re
nc
es
w
e
re
a
pp
ar
en
t
be
tw
ee
n
ba
sa
l b
lo
od
la
ct
at
e
le
ve
ls
o
f
At
la
nt
ic
sa
lm
on
,
Sa
im
o
so
la
r,
re
a
re
d
a
t
hi
gh
a
n
d
lo
w
w
a
te
r
ve
lo
ci
tie
s.
An
a
lte
rn
at
iv
e
e
xp
la
na
tio
n
m
ig
ht
be
fo
un
d
in
th
e
st
ud
ie
s
o
f
W
ar
dl
e
(19
78
)
o
n
ca
rb
oh
yd
ra
te
m
e
ta
bo
lis
m
in
th
e
pl
ai
ce
.
Pl
eu
ro
ne
ct
es
pl
at
es
sa
,
in
w
hi
ch
he
de
m
on
st
ra
te
d
th
at
th
e
re
le
as
e
o
f l
ac
ta
te
fro
m
th
e
m
u
sc
le
ce
lls
to
th
e
bl
oo
d
st
re
am
w
a
s
re
du
ce
d
fo
llo
wi
ng
st
re
ss
,
a
m
e
ch
an
is
m
a
ct
iv
at
ed
by
ci
rc
u-
la
tin
g
ca
te
ch
ol
a
m
in
es
.
In
th
e
pr
es
en
t
st
ud
y,
se
xu
a
lly
m
a
tu
re
m
a
le
br
ow
n
tro
ut
ha
d
si
gn
ific
an
tly
lo
w
er
pl
as
m
a
la
ct
at
e l
ev
el
s t
ha
n
im
m
at
ur
e
fis
h.
It
se
e
m
sp
ro
ba
bl
e
th
at
th
is
w
a
s
a
ss
o
ci
at
ed
w
ith
th
e
hi
gh
er
e
ry
th
ro
cy
te
co
u
n
t
(an
d,
pr
es
um
ab
ly,
hi
gh
er
0,
ca
rr
yin
g
ca
pa
cit
y)
in
th
e
bl
oo
d
o
f
m
a
tu
re
m
a
le
s
(P
ick
eri
ng
,
19
86
;
Po
tti
ng
er
&
Pi
ck
er
in
g,
in
pr
es
s).
Th
is
in
te
rp
re
ta
tio
n
is
co
m
pl
ica
te
d,
ho
w
ev
er
,
by
o
u
r
fa
ilu
re
to
o
bs
er
ve
a
si
m
ila
r
e
ffe
ct
o
f
se
xu
a
l m
a
tu
ra
tio
n
o
n
th
e
bl
oo
d
la
ct
at
e
le
ve
ls
o
f
th
e
ra
in
bo
w
tro
ut
,
de
sp
ite
th
e
fa
ct
th
at
th
e
m
a
tu
re
m
a
le
s
o
f
th
is
sp
ec
ie
s a
ls
o
ha
d
e
le
va
te
d
e
ry
th
ro
cy
te
co
u
n
ts
.
Th
is
sp
ec
ie
sd
iff
er
en
ce
co
u
ld
be
re
la
te
d
to
th
e
di
ffe
r-
e
n
ce
si
n
pl
as
m
a
co
rti
so
l
le
ve
ls
o
f t
he
m
a
tu
re
fis
h
(se
ea
bo
ve
) b
ec
au
se
Li
dm
an
e
l a
l.
(19
79
) h
av
e
sh
ow
n
th
at
ch
ro
ni
c
pl
as
m
a
co
rti
so
l
e
le
va
tio
n
in
th
e
e
e
l,
An
gu
illa
a
n
gu
illa
,
ca
u
se
sa
si
gn
ific
an
t e
le
va
tio
n
o
f b
lo
od
la
ct
at
e
le
ve
ls
. T
hu
s,
in
th
e
m
a
tu
re
ra
in
bo
w
tro
ut
,
th
e
e
ffe
ct
o
n
bl
oo
d
la
ct
at
e
le
ve
ls
o
f
in
cr
ea
se
d
e
ry
th
ro
cy
te
co
u
n
ts
m
a
y
be
o
pp
os
ed
by
th
e
e
ffe
ct
o
f e
le
va
te
d
co
rti
so
l c
o
n
ce
n
tra
tio
ns
.
Cr
ow
di
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co
24
.0
77
96
0
24
46
72
96
°
tu
rn
ed
to
co
n
tro
l
va
lu
es
by
72
hr
.
Ci
rc
u-
la
tin
g
n
e
u
tro
ph
il
n
u
m
be
rs
w
e
re
si
gn
ifi-
ca
n
tly
de
pr
es
se
d
by
de
xa
m
et
ha
so
ne
a
t
24
a
n
d
48
hr
po
st
tre
at
m
en
t
(P
<
0.
00
1)
a
s
w
e
re
lym
ph
oc
yt
e
co
u
n
ts
(P
<
0.
00
1).
Th
ro
m
bo
cy
tc
co
n
ce
n
tra
tio
n
w
a
s
n
o
t
si
gn
if-
ic
an
tly
a
ffe
ct
ed
by
de
xa
m
et
ha
so
ne
tre
at
-
m
e
n
t
a
n
d
re
m
a
in
ed
st
ab
le
in
bo
th
gr
ou
ps
th
ro
ug
ho
ut
th
e
e
xp
er
im
en
ta
l
pe
rio
d.
Co
r-
tis
ol
va
lu
es
in
u
n
st
re
ss
ed
co
n
tro
l
fis
h
sh
ow
ed
a
sl
ig
ht
,
bu
t
hi
gh
ly
si
gn
ific
an
t
(P
<
0.
00
1).
e
le
va
tio
n
fro
m
0.
6
to
2.
5
n
g
m
l-I
a
t
48
hr
po
st
tre
at
m
en
t
(i.e
.,
24
hr
a
fte
r
th
e
fir
st
sa
m
pl
e)
w
ith
a
gr
ad
ua
l
re
tu
rn
to
<
I
n
g
m
1-
I
a
t
96
hr
.
It
is
lik
el
y
th
at
th
is
re
pr
e-
se
n
ts
a
m
in
or
st
re
ss
re
sp
on
se
to
u
n
a
vo
id
-
a
bl
e
di
st
ur
ba
nc
e
du
rin
g
th
e
da
ily
sa
m
pl
in
g
o
f
fis
h
fro
m
e
a
ch
ta
nk
w
ith
a
su
bs
eq
ue
nt
a
cc
lim
at
io
n
to
th
e
re
pe
at
ed
st
im
ul
us
(se
e
Pi
ck
er
in
g
a
n
d
Po
tti
ng
er
,
19
84
).
D
ex
am
et
ha
-
19
67
;
M
cL
ea
y,
19
73
13
;F
ry
cr
,
19
75
;
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.
19
82
).
D
ex
am
et
ha
so
ne
tre
at
m
en
t
si
gn
ific
an
tly
su
pp
re
ss
ed
ba
sa
l
AC
TH
le
ve
ls
in
th
e
br
ow
n
tro
ut
(do
wn
to
10
pg
m
1-
1).
a
re
su
lt
in
a
cc
o
rd
an
ce
w
ith
th
os
e
o
f
Su
m
pt
er
a
n
d
D
on
al
ds
on
(19
86
)
o
n
sa
lm
on
id
fis
h.
Ac
ut
e
ha
nd
lin
g
st
re
ss
co
m
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ne
d
w
ith
30
m
in
co
n
-
fin
em
en
t
ca
u
se
d
a
m
a
rk
ed
e
le
va
tio
n
o
f
pl
as
m
a
AC
TH
(up
to
65
0
pg
m
V'
).
a
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e
w
hi
ch
w
a
s
to
ta
lly
e
lim
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at
ed
by
de
xa
m
et
h-
a
so
n
e
tre
at
m
en
t.
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n
fir
m
s
th
e
w
o
rk
o
f
Su
m
pt
er
a
n
d
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al
ds
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(19
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)
a
n
d
sh
ow
s
th
at
de
xa
m
et
ha
so
ne
a
ct
s
in
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lm
on
id
fis
h
by
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pp
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in
g
th
e
re
le
as
e
o
f
AC
TH
fro
m
th
e
co
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co
tro
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s.
H
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o
de
o
f
a
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io
n
n
e
e
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rth
er
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ud
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n
d
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ge
a
n
d
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rro
tt
(19
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)
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en
t
e
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de
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e
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m
in
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tro
st
ud
ie
s
w
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ch
su
g-
ge
st
s
th
at
co
rti
co
st
cr
oi
ds
,
a
t
hi
gh
co
n
ce
n
-
tra
tio
ns
,
ca
n
e
xe
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a
di
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ct
n
e
ga
tiv
e
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-
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o
n
th
e
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rti
co
tro
ph
s
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w
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re
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r
a
n
d
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r
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n
e
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e
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fis
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n
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y
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e
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o
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n
e
ga
-
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e
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d
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s
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n
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os
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y
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ra
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d
by
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s
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a
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l
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l
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n
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g
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n
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ng
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e
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e
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so
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m
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fis
h
w
e
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n
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a
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w
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e
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o
f
de
te
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n
o
f
o
u
r
a
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a
y
a
n
d
th
e
e
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tio
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o
f
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rti
so
l
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u
n
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ed
fis
h
(up
to
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n
g
m
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)
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g
a
n
d
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n
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en
t
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r
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m
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w
a
s
to
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lly
su
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fis
h.
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e
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n
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ef
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e,
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o
ra
l
a
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in
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ra
tio
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o
f
de
xa
m
et
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so
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e
ffe
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e
H
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a
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s
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fis
h
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g
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e
fro
m
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e
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d
a
n
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n
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e
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-
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e
tio
n
o
f
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rti
so
l
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m
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e
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rre
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l
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su
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m
a
m
m
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xa
m
et
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so
ne
ca
n
a
ct
a
s
a
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oc
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d
w
ith
a
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te
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y
o
fte
n
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ve
ra
l
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gr
ea
te
r
th
an
th
at
o
f
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e
n
a
tu
ra
l
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-
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so
l
a
n
d
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e
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e
t
a
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19
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).
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e
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e
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c-
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y
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TH
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e
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e
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n
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ut
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um
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a
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g
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a
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ra
-
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d
re
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a
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o
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it
m
a
y
a
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pe
rip
he
ra
lly
o
n
o
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co
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su
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.
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o
n
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e
br
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n
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u
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o
ra
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so
l
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ve
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ow
n
th
at
th
e
lym
ph
oc
yt
es
a
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d-
se
ns
itiv
e
a
n
d
th
at
ph
ys
io
lo
gi
ca
l
do
se
s
o
f
co
rti
so
l
ca
n
re
su
lt
in
a
M
ar
ke
d
lym
ph
oc
yt
op
en
ia
(P
ick
eri
ng
,
19
84
).
Th
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d
se
n
si
tiv
ity
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s
a
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o
be
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de
m
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-
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ra
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d
in
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lm
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,
O
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or
lzy
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liu
s
Id
-
st
ar
k
by
M
cL
ea
y
(19
73
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b).
M
or
eo
ve
r,
M
cL
ea
y
sh
ow
ed
th
at
de
xa
m
et
ha
so
he
.
a
t
e
ith
er
I
o
r
10
jig
g-
'
fis
h,
w
a
s
e
ffe
ct
ive
in
de
cr
ea
sin
g
th
e
n
u
m
be
r
o
f
ci
rc
ul
at
in
g'
sm
a
ll
lym
ph
oc
yt
es
.
O
th
er
po
ss
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le
ch
an
ge
s
in
ce
ll
n
u
m
be
rs
in
M
cL
ea
y's
st
ud
y
a
re
so
m
e
-
w
ha
t
m
o
re
di
ffi
cu
lt
to
in
te
rp
re
t
be
ca
us
e
a
ll
th
e
ce
ll
co
u
n
ts
a
re
pr
es
en
te
d
in
re
la
tiv
e
-
te
rm
s.
In
th
c
pr
es
en
t
st
ud
y,
a
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ol
ut
e
co
n
-
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n
tra
tio
ns
o
f
e
a
ch
ce
ll
ty
pe
w
e
re
iz
le
te
r-
m
in
ed
a
n
d
de
xa
m
et
ha
so
ne
ha
d
a
de
*
su
p-
pr
es
siv
e
e
ffe
ct
o
n
th
e
n
u
m
be
r
o
f
ci
rc
til
at
in
g
lym
ph
oc
yt
es
a
n
d
n
cu
tro
ph
ils
.
In
a
dd
itio
n,
de
xa
m
et
ha
so
ne
a
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o
in
cr
ea
se
d
th
e
n
u
m
be
r
o
f
ci
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ul
at
in
g
e
ry
th
ro
cy
te
s
(as
su
mi
ng
n
o
ch
an
ge
s
in
to
ta
l
bl
oo
d
vo
lu
m
e).
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82
)
fo
un
d
a
si
m
ila
r
e
ffe
ct
o
f
be
ta
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et
ha
-
so
n
e
o
n
th
e
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em
at
oe
rit
va
lu
es
n
th
e
ra
in
bo
w
tro
ut
a
n
d
w
a
s
u
n
a
bl
e
to
de
te
ct
a
n
y
ch
an
ge
s
in
th
e
co
n
ce
n
tra
tio
n
o
f
m
n
jor
io
ns
o
r
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ta
l
pr
ot
ei
n.
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is
u
n
lik
el
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th
er
ef
or
e,
th
at
th
e
ch
an
ge
s
in
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oo
d
ce
ll
co
n
ce
n
tra
-
tio
ns
re
su
lte
d
fro
m
a
n
y
ch
an
ge
in
to
ta
l
bl
oo
d
vo
lu
m
e.
Th
e
e
ffe
ct
s
o
f
de
xa
m
et
ha
so
ne
di
ffe
r
in
se
ve
ra
l
w
a
ys
fro
m
th
os
e
o
f
th
e
n
a
tu
ra
l
ca
r:
,
tic
os
te
ro
id
,
co
rti
so
l.
Fo
r
e
xa
m
pl
e,
in
pr
e-
vi
ou
s
st
ud
ie
s
o
n
th
e
br
ow
n
tro
ut
,
ph
ys
io
-
lo
gi
ca
l
do
se
s
o
f
co
rti
so
l
a
ffe
ct
ed
o
n
ly
th
e
lym
ph
oc
yt
e
co
u
n
t,
n
o
t
th
e
n
e
u
tro
ph
il
o
r
e
ry
th
ro
cy
te
co
u
n
ts
(P
ick
eri
ng
,
19
84
).
It
is
n
o
t
cl
ea
r
w
he
th
er
th
is
re
su
lts
fro
m
di
ffe
r-
e
n
ce
s
in
do
sa
ge
o
r
po
te
nc
y
be
tw
ee
n
th
e
0
24
49
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H
ae
m
at
ol
ojc
al
ch
an
ge
s
in
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ow
n
tro
ut
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wi
ng
o
ra
l
a
dm
in
ist
ra
tio
n
o
f
de
xa
m
et
ha
so
ne
(30
0m
g
kg
-
'
fo
od
)i
n
a
si
ng
le
m
e
a
l(I
%
bo
dy
w
t)
a
t0
hr
.
Va
lu
es
a
re
a
rit
hm
et
ic
m
e
a
n
s
SE
M
(n
24
in
e
a
ch
ca
se
).
Co
nt
in
uo
us
lin
e
in
di
ca
te
s
co
n
tro
l
fis
h
(re
de
th
an
ol
m
ea
te
d
di
et
);
br
ok
en
lin
e
re
pr
es
en
ts
de
xa
m
clh
as
on
e-
tre
at
ed
fis
h.
Pl
as
m
a
co
rti
so
l
va
lu
es
fo
r
th
e
sa
m
e
fis
h
a
re
gi
ve
n
in
th
e
lo
w
er
gr
ap
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=
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3
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ro
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s
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at
M
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th
at
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B
B-
1
de
xa
m
et
ha
so
ne
re
du
ce
d
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e
n
u
m
be
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o
f
ci
r-
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tin
g
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rn
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cy
te
s
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ho
sa
lm
on
w
he
re
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0
p.
g
g-
'
co
rti
so
l
ha
d
n
o
si
gn
ifi-
ca
n
t
e
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ct
o
n
th
is
ce
ll
ty
pe
.
Th
is
su
gg
es
ts
th
at
in
a
dd
itio
n
to
its
co
rti
so
l-l
ik
e
e
ffe
ct
o
n
ci
rc
ul
at
in
g
lym
ph
oc
yt
es
,
de
xa
m
et
ha
so
ne
(an
d
be
ta
m
et
ha
so
ne
)
m
a
y
a
ls
o
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ve
o
th
er
,
m
o
re
sp
ec
ific
,
e
ffe
ct
s
o
n
th
e
bl
oo
d
ce
ll
po
p-
u
la
tio
n
in
sa
lm
on
id
fis
h.
In
th
e
pr
es
en
t
st
ud
y,
ho
w
ev
er
,
de
xa
m
et
ha
so
ne
ha
d
n
o
si
g-
n
ific
an
t
e
ffe
ct
o
n
th
e
n
u
m
be
r
o
f
ci
rc
ul
at
in
g
th
ro
m
bo
cy
te
s.
Th
us
,
de
xa
m
et
ha
so
ne
is
a
n
e
ffe
ct
ive
st
e-
ro
id
fo
r
bl
oc
kin
g
th
e
H
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xi
s
o
f
th
e
br
ow
n
tro
ut
.
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a
ct
s
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tin
g
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e
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e
tio
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o
f
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fro
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a
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n
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n
th
e
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e
tio
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rti
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le
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in
g
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al
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ev
er
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e
a
s
a
to
ol
fo
r
in
-
ve
st
ig
at
in
g
th
e
ro
le
o
f
th
e
in
te
rre
na
l
du
rin
g
st
re
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re
sp
on
se
s
is
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ite
d
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so
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e
a
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iv
ity
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n
o
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at
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fis
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at
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.
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ra
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f c
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.
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fis
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ra
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ra
te
co
n
ce
n
tra
tio
ns
.
G
en
.
Co
m
p.
En
do
-
a
n
te
d.
12
, 5
4:
0-
51
4.
O
w,
D
.
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.
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.
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le
ve
ls
o
f
ci
rc
ul
at
in
g
G
TH
(a)
,
te
st
os
te
ro
ne
(b)
.
a
n
d
11
-k
et
ot
es
to
st
er
on
e
(c)
in
se
xu
a
lly
m
a
tu
re
,
m
a
le
br
ow
n
tro
ut
.
Th
e
co
n
tin
uo
us
lin
es
re
pr
es
en
t
u
n
st
re
ss
ed
co
n
tro
l
fis
h,
th
e
br
ok
en
lin
es
re
pr
es
en
t
st
re
ss
ed
fis
h.
Th
e
sh
ad
ed
a
re
a
de
no
te
s
th
e
du
ra
tio
n
o
f
th
e
pe
rio
d
o
f
st
re
ss
.
Va
lu
es
a
re
m
e
a
n
s
t_
SE
M
(n
•
•
10
in
e
a
ch
ca
se
)
Th
e
a
sk
:a
sk
s
sh
ow
th
e
si
vu
fs
m
in
ce
o
f
th
e
di
ffe
re
nc
es
be
tw
ee
n
co
n
tro
l
a
n
d
st
re
ss
ed
fis
h
a
t
e
a
ch
sa
m
pl
in
g
tim
e
<
O
JO
S,
•
•
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<
0.
01
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10
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.ge
n•
CO
III
I0
I 20 0
•
11
5
IM
IN
N
E
SI
IS
M
I
M
I
0
0
0
M
N
1I
N
I
0
M
I
Is
I
N
P
I
•
Pk
ul
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O
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PI
CK
[R
IN
G
LT
AL
.
ita
ry
-in
te
rre
na
l
:1
51
5
Iii
se
‘ib
illy
m
a
lu
oi
m
a
le
br
ow
n
n
o
w
,
ch
ar
ac
te
riz
ed
by
a
n
cI
C-
vm
o
n
o
f
bo
th
pl
as
m
a
AC
TH
a
n
d
co
t-t
oo
l
le
ve
ls
.
Th
e
m
a
gn
itu
de
a
n
il
du
ra
tio
n
o
f
til
ls
re
sp
on
se
w
a
s
si
rrn
la
r
co
th
at
pr
ev
io
us
ly
e
-
po
rte
d
M
r
sa
lm
om
d
fis
h
su
bje
cte
d
to
a
n
a
cu
te
ha
nd
lin
g
'd
re
ss
(P
ick
eri
ng
e
t
01
_
19
82
;
Su
m
pt
er
e
t
a
l.,
19
8o
).
In
th
e
pr
es
en
t
Ca
se
,
St
ar
va
tio
n
w
a
s
H
al
a
fa
ct
or
be
ca
us
e
bo
th
th
e
co
n
tro
l
a
n
d
st
re
ss
ed
gr
ou
ps
w
e
re
fe
ed
in
g
w
e
ll
pi
lin
to
e
xp
er
im
en
ta
tio
n.
W
oo
d
co
t
to
ol
le
ve
ls
iii
(he
Un
st
re
ss
ed
e
ta
ll-
tro
t
fis
h
fro
m
Ex
pe
rim
en
t
2
I-1
2,
n
g
m
l-
w
e
re
si
gn
ific
an
tly
hi
gh
er
th
an
th
os
e
tro
m
Ex
pe
rim
en
t
1
n
g
m
l
l
P
<
0.
00
1).
Th
is
a
lm
os
t
ce
rta
in
ly
re
fle
ct
s
di
ffe
ie
nc
es
iii
th
e
tim
in
g
o
f
th
e
tw
o
e
xp
er
im
en
ts
.
Al
-
th
ou
gh
sp
er
m
ia
tio
n
ha
d
ta
ke
n
pl
ac
e
in
bo
th
st
ud
ie
s
(ge
ntl
e
a
bd
om
in
al
pr
es
su
re
re
su
lte
d
in
th
e
e
xp
re
ss
io
n
o
f
m
ilt
).
th
e
st
ud
y
o
f
ch
ro
ni
c
co
n
fin
em
en
t
st
re
ss
w
a
s
u
n
de
rta
ke
n
in
O
ct
ob
er
,
a
t
th
e
be
gi
nn
in
g
o
f
th
e
sp
aw
ni
ng
se
a
so
n
.
w
he
re
as
th
e
st
ud
y
o
f
a
cu
te
ha
nd
lin
g
st
re
ss
lo
ok
pl
ac
e
in
N
o-
ve
m
be
r.
It
is
kn
ow
n
th
at
th
e
bl
oo
d
co
rti
so
l
le
ve
ls
o
f
se
xu
a
lly
m
a
tu
re
m
a
le
br
ow
n
tro
ut
ris
e
si
gn
ific
an
tly
do
tin
g
th
e
sp
aw
ni
ng
se
a
so
n
(P
ick
eri
ng
a
n
d
Po
tti
ng
er
,
19
87
b)
a
n
d
th
e
di
ffe
re
nc
e
in
tu
ni
ng
be
tw
ee
n
th
e
tw
o
st
ud
ie
s
w
o
u
ld
a
cc
o
u
n
t
fo
r
th
e
o
bs
er
ve
d
di
f-
fe
re
nc
es
in
co
rti
so
l
le
ve
ls
be
tw
ee
n
th
e
u
n
-
st
re
ss
ed
co
n
tro
l
n
sh
.
D
es
pi
te
th
es
e
di
ffe
re
nc
es
th
er
e
ca
n
be
lit
tle
do
ub
t
fro
m
M
e
pr
es
en
t
in
ve
st
ig
at
io
n
th
at
bo
th
ch
ro
ni
c
co
n
fin
em
en
t
st
re
ss
a
n
d
a
cu
te
ha
nd
lin
g
st
re
ss
ca
u
se
d
a
m
a
rk
ed
su
p-
pr
es
sio
n
o
f
th
e
co
n
e
e
n
tra
no
n
o
f
th
e
ci
rc
u-
la
tin
g
a
n
dr
og
en
s.
te
st
os
te
ro
ne
a
n
d
11
-k
et
o-
te
st
os
te
ro
ne
.
W
ith
bo
th
fo
rm
s
o
f
st
re
ss
pl
as
m
a
te
st
os
te
ro
ne
le
ve
ls
w
e
re
re
du
ce
d
by
m
o
re
th
an
50
%
fro
m
-
10
to
4
n
g
m
Vi
.
Al
-
th
ou
gh
th
e
pe
rc
en
ta
ge
o
f
su
pp
re
ss
io
n
o
f
1-
ke
to
te
st
os
te
ro
ne
le
ve
ls
w
a
s
n
o
t
a
s
m
a
rk
ed
,
th
e
re
du
ct
io
n
in
e
a
ch
ca
se
w
a
s
st
ill
si
gn
ific
an
t.
Sc
hr
ec
k
a
l,
(19
72
)
fo
un
d
th
at
re
pe
at
ed
bl
oo
d
sa
m
pl
in
g
ca
u
se
d
a
su
pp
re
s-
si
on
o
f
ci
rc
ul
at
in
g
a
n
dr
og
en
le
ve
ls
in
th
e
ra
in
bo
w
tro
ut
,
bu
t
th
ey
w
e
re
u
n
a
bl
e
to
de
-


le
rn
lin
e
w
he
th
er
th
is
re
pr
es
en
te
d
a
st
re
ss
e
sp
ou
se
ta
t
si
m
pl
y
a
di
lu
tio
n
e
ffe
ct
.
So
ni
c
di
sc
us
sio
n
o
f
th
e
po
ss
ib
le
m
e
ch
a-
n
is
ni
s
be
hi
nd
th
is
st
re
ss
-in
du
ce
d
a
n
dr
og
en
su
pp
re
ss
io
n
is
re
qu
ire
d
a
t
th
is
st
ag
e.
In
th
e
pr
es
en
t
st
ud
y.
w
he
re
as
a
n
dr
og
en
le
ve
ls
w
e
re
su
pp
re
ss
ed
.
pl
as
m
a
G
TH
le
ve
ls
w
e
re
si
gn
ific
an
tly
de
va
le
d
fo
r
a
pe
rio
d
o
f
a
t
le
as
t
4
hr
fo
llo
wi
ng
a
cu
te
ha
nd
lin
g
st
re
ss
.
Th
is
pa
ra
do
x
is
n
o
t
im
m
ed
ia
te
ly
e
xp
lic
ab
le
,
a
l-
th
ou
gh
lo
w
a
n
dr
og
en
le
ve
ls
,
o
pe
ra
tin
g
vi
a
a
n
e
ga
tiv
e
fe
ed
ba
ck
m
e
ch
an
is
m
lo
ca
te
d
a
t
th
e
le
ve
l
o
f
th
e
hy
po
th
al
am
us
a
n
d/
or
pi
tu
-
ita
ry
gl
an
d
(se
e
Pe
te
r.
19
83
),
m
ig
ht
be
a
t
le
as
t
pa
rtl
y
re
sp
on
sib
le
.
Th
e
si
m
ul
ta
ne
ou
s
e
le
va
tio
n
o
f
pl
as
m
a
go
na
do
tro
pi
n
(LH
)
le
ve
ls
a
n
d
su
pp
re
ss
io
n
o
f
te
st
os
te
ro
ne
le
ve
ls
ha
s
a
ls
o
be
en
o
bs
er
ve
d
in
m
a
m
m
a
ls
su
bje
cte
d
to
a
cu
te
su
rg
er
y
(an
d
a
n
a
e
st
he
-
si
a)
st
re
ss
(N
ak
as
him
a
e
r
a
l.,
19
75
;
Ao
no
e
l
a
l..
19
76
).
W
he
n
th
e
st
re
ss
is
pr
ol
on
ge
d
o
r
ch
ro
ni
c,
ho
w
ev
er
,
fila
sm
it
LH
le
ve
ls
in
m
a
m
m
a
ls
u
lti
m
at
el
y
de
cli
ne
(G
ray
e
l
a
l..
19
78
:
Ta
ch
e
e
l
a
t,
19
78
).
A
si
m
ila
r
di
ffe
r-
e
n
ce
in
th
e
re
sp
on
se
to
a
cu
te
o
r
ch
ro
ni
c
st
re
ss
m
ig
ht
o
cc
u
r
in
fis
h.
a
lth
ou
gh
su
p-
po
rti
ng
e
vi
de
nc
e
is
e
xt
re
m
el
y
fra
gm
en
ta
ry
(un
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tun
ate
ly,
pl
as
m
a
G
TI
-1
le
ve
ls
o
f
th
e
ch
ro
ni
ca
lly
st
re
ss
ed
fis
h
w
e
re
n
o
t
m
e
a
-
su
re
d
du
rin
g
th
e
pr
es
en
t
st
ud
y).
H
ow
ev
er
,
G
ille
t
e
t
a
l.
(19
81
)
re
po
rte
d
th
at
ch
ro
ni
c
st
ar
va
tio
n
su
pp
re
ss
ed
pl
as
m
a
G
TH
le
ve
ls
in
th
e
go
ld
fis
h,
a
n
d
D
ry
a
n
d
Zo
ha
r
(19
80
)
a
n
d
Zo
ha
r
(19
80
)
fo
un
d
th
at
pl
as
m
a
G
TH
le
ve
ls
w
e
re
re
du
ce
d
in
ra
in
bo
w
tro
ut
w
hi
ch
ha
d
n
o
t
a
cc
lim
at
ed
to
th
e
st
re
ss
o
f
ch
ro
ni
c
ca
n
n
u
la
tiu
n.
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n
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st
,
a
cu
te
ly
st
re
ss
ed
(el
ec
tro
sh
oc
k)
fe
m
al
e
co
ho
sa
lm
on
ha
d
e
le
-
va
te
d
pl
as
m
a
G
TH
le
ve
ls
(Le
ath
erl
an
d
e
l
a
l.,
19
82
).
Th
is
po
te
nt
ia
l
di
ffe
re
nc
e
in
th
e
re
sp
on
se
o
f
th
e
go
na
do
tro
pe
s
to
a
cu
te
a
n
d
ch
ro
ni
c
st
re
ss
co
u
ld
a
cc
o
u
n
t
fo
r
th
e
o
b-
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e
d
a
n
dr
og
en
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n
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ch
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st
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ss
ed
fis
h
(E
xp
eri
me
nt
1)
bu
t
co
u
ld
n
o
t
a
cc
o
u
n
t
fo
r
th
e
o
bs
er
ve
d
a
n
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og
en
su
p-
pr
es
sio
n
in
a
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te
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st
re
ss
ed
br
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n
tro
ut
fro
m
Ex
pe
rim
en
t
2.
Ta
ki
ng
o
u
r
sa
m
pl
in
g
re
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m
e
in
to
a
cc
o
u
n
t,
it
is
po
ss
ib
le
th
at
w
e


in
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d
a
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pp
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ss
io
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o
f
G
TH
le
ve
ls
M
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m
ig
ht
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ve
o
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u
rr
e
d
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g
th
e
e
a
rly
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e
o
r
a
cu
te
st
re
ss
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t
is
di
ffi
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lt
to
se
e
ho
w
su
ch
a
sh
or
t-t
er
m
e
ve
n
t
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u
ld
m
a
in
ta
in
th
e
a
n
dr
og
en
su
pp
re
ss
io
n
fo
r
m
o
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th
an
8
hr
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pa
rIt
eu
la
rly
w
he
n
G
TH
le
ve
ls
w
e
re
su
bs
e-
qu
en
tly
e
le
va
te
d
fo
r
a
t
le
as
t
4
hr
po
st
st
re
ss
.
In
so
m
e
m
a
m
m
a
ls
,
co
n
ic
os
te
ro
id
s
a
p-
pe
ar
10
a
ct
di
re
ct
ly
o
n
th
e
te
st
es
by
su
p-
pr
es
sin
g
G
TH
-in
du
ce
d
a
n
dr
og
en
se
cr
e
tio
n
tS
ac
z
e
t
a
l.,
19
77
;
Ba
m
bi
no
a
n
d
H
se
uh
,
19
81
;
W
el
sh
e
i
01
..
19
82
;
Sa
po
lsk
y,
19
85
).
Th
e
cl
os
e
te
m
po
ra
l
co
rr
e
la
tio
n
be
tw
ee
n
e
le
va
te
d
pl
as
m
a
co
rti
so
l
le
ve
ls
a
n
d
su
p-
pm
te
st
os
te
ro
ne
le
ve
ls
(co
mp
are
Fi
g.
2b
w
ith
Fi
g.
3b
)
is
co
n
si
st
en
t
w
ith
su
ch
a
m
e
ch
an
is
m
in
sa
lm
on
id
fis
h
a
lth
ou
gh
di
re
ct
e
vi
de
nc
e,
fro
m
st
ud
ie
s
in
vo
lv
in
g
co
rti
so
l
a
dm
in
ist
ra
tio
n,
is
la
ck
in
g_
Cl
ea
rly
.
fu
rth
er
w
o
rk
is
n
e
e
de
d
o
n
th
e
po
ss
ib
le
re
la
tio
n-
sh
ip
s
be
tw
ee
n
in
te
rre
na
l
a
ct
iv
ity
,
se
xu
a
l
de
ve
lo
pm
en
t,
a
n
d
a
n
dr
og
en
se
cr
e
tio
n
in
sa
lm
on
td
fis
h.
Th
e
bi
ol
og
ica
l
co
n
se
qu
en
ce
s
o
f
e
n
vi
ro
n-
m
e
n
ta
l
st
re
ss
o
n
re
pr
od
uc
tiv
e
e
n
do
cr
i-
n
o
lo
gy
ca
n
be
e
xp
re
ss
ed
bo
th
in
te
rm
s
o
f
re
pr
od
uc
tiv
e
be
ha
vio
ur
a
n
d
in
te
rm
s
o
f
th
e
qu
an
tit
y
a
n
d
qu
al
ity
o
f
th
e
ga
m
et
es
.
H
ow
-
e
ve
r,
th
e
di
ve
rs
e
n
a
tu
re
o
f
m
o
st
e
n
vi
ro
n-
m
e
n
ta
l
st
re
ss
es
m
a
ke
s
ge
ne
ra
lis
at
io
ns
e
x-
tre
m
el
y
di
ffi
cu
lt,
a
lth
ou
gh
a
lm
os
t
a
n
y
e
n
vi
-
ro
n
m
e
n
ta
l
di
st
ur
ba
nc
e
ca
n
re
su
lt
in
fo
llic
ul
ar
a
tre
si
a
in
fe
m
al
e
fis
h
(B
all
,
19
60
).
Th
is
e
ffe
ct
is
cl
ea
rly
e
vi
de
nt
in
n
a
tu
ra
l
fis
h
po
pu
la
tio
ns
(Ju
ne
,
19
77
)
a
n
d
m
u
st
ca
u
se
a
re
du
ct
io
n
in
fe
cu
nd
ity
.
In
a
dd
itio
n,
th
e
st
re
ss
o
f
e
xp
os
ur
e
to
lo
w
pH
le
ve
ls
(an
in
-
cr
e
a
si
ng
pr
ob
le
m
in
m
a
n
y
a
re
a
s)
ca
n
ca
u
se
a
re
du
ct
io
n
in
yo
lk
de
po
sit
io
n
(R
ub
y
e
t
a
l.,
19
77
),
a
de
la
y
in
o
vu
la
tio
n
(T
am
a
n
d
Pa
ys
on
,
19
86
),
a
n
d
a
lo
ss
o
f
e
gg
vi
ab
ilit
y
(M
en
en
de
z,
19
76
;
Cr
ai
g
a
n
d
Ba
sk
i,
19
77
;
Le
e
a
n
d
G
er
kin
g,
19
80
).
W
ei
ne
r
e
t
a
l.
(19
86
),
w
o
rk
in
g
w
ith
a
ci
d-
st
re
ss
ed
m
a
le
ra
in
bo
w
tro
ut
,
de
m
on
st
ra
te
d
th
at
m
ilt
qu
al
ity
(as
m
e
a
su
re
d
by
re
su
lta
nt
fry
su
r-
vi
va
l)
co
u
ld
be
si
gn
ific
an
tly
re
du
ce
d.
Si
m
i-
la
rly
,
M
ac
ek
(19
68
)
fo
un
d
th
at
su
bl
et
ha
l

le
ve
ls
o
f
D
D
T
co
u
ld
su
pp
re
ss
ga
m
et
e
qu
al
ity
in
bo
th
m
a
le
a
n
d
fe
m
al
e
br
oo
k
tro
ut
,
Sa
lve
lim
is
fo
lu
m
ol
ig
.
bo
Su
m
m
ar
ize
,
th
e
pr
es
en
t
in
ve
sl
ip
lio
n
ha
s
de
m
on
st
ra
te
d
th
e
pr
in
cip
le
(ha
l
ho
llt
a
cu
te
a
n
d
cl
uo
ni
c
st
re
ss
ca
n
su
pp
re
ss
a
n
-
dr
og
en
le
ve
ls
in
se
xu
a
lly
m
a
tu
re
m
a
le
br
ow
n
tro
ut
.
Fu
rth
er
st
ud
ie
s
o
f
bo
th
se
xe
s,
a
t
di
ffe
re
nt
st
ag
es
o
f
th
e
re
pr
od
uc
tiv
e
cy
cle
,
a
re
n
e
e
de
d
if
w
e
a
re
to
in
te
rp
re
t
th
e
co
n
se
qu
en
ce
s
o
f
su
ch
ho
rm
on
al
e
ve
n
ts
o
n
th
e
re
pr
od
uc
tiv
e
su
cc
e
ss
o
f
sa
lrn
on
id
fis
h,
bo
th
in
th
e
w
ild
a
n
d
u
n
de
r
a
qu
ac
ul
tu
re
co
n
di
tio
ns
. A
CK
NO
W
LE
DG
M
EN
TS
a
tic
a
u
th
or
s
th
an
k
D
r.
P.
Co
pe
la
nd
(P
on
Ac
m
sa
s
M
ar
in
e
La
bo
ra
to
ry
Te
xa
r)
w
ho
pu
nt
-m
il
th
e
(in
t
a
n
d
he
lp
ed
e
st
ab
lis
h
th
e
G
T1
1
ra
di
ni
m
m
un
oa
ss
ay
.
D
r.
H
.
Br
et
on
(1N
RA
.
R
en
ne
s)
fo
r
th
e
G
TH
st
an
da
rd
,
D
r.
H
.
M
.
D
ye
(D
ep
art
me
nt
o
f
Fi
sh
er
ie
s
a
n
d
O
ce
an
s.
W
ei
Va
nc
ou
ve
r)
fo
r
pr
ov
id
in
g
th
e
Il-
ke
to
ie
si
os
-
ic
ro
ne
a
n
tis
er
um
,
M
rs
_
J.
Po
lla
rd
a
n
d
M
is
s
1.
PA
.
Fl
«c
hc
r
(E
BA
)
fo
r
m
a
in
ta
in
in
g
th
e
e
xp
er
im
en
ta
l
fis
h.
M
rs
.
M
.
A.
N
ut
le
y
(E
LIA
)
fo
r
st
at
is
tic
al
a
dv
ice
.
a
n
d
M
r.
T.
Eu
rn
as
s
(F
BA
)
fo
r
th
e
a
rtw
or
k.
W
e
a
re
gr
at
ef
ul
to
N
ER
C
a
n
d
M
AF
F
fo
r
fin
an
cia
l
su
pp
or
t.
R
EF
ER
EN
CE
S
w
o
w
.
T.
Ku
ra
ch
i.
K.
.
M
iya
ta
,
M
.,
N
ak
as
im
a,
A.
,
R
os
hi
ya
m
a,
K.
.
Uo
zu
m
i,
T.
.
a
n
d
M
at
su
m
ot
o.
K.
(19
76
).
In
flu
en
ce
o
f
su
rg
ica
l
st
re
ss
u
n
de
r
ge
ne
ra
l
a
n
e
st
he
si
a
o
n
sc
ru
m
gu
na
do
tro
pi
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as
e
in
th
e
yo
un
g
sa
lm
on
w
e
re
n
o
t
in
flu
en
ce
d
by
th
e
pr
ov
isi
on
o
f
co
ve
r.
O
ve
r-
he
ad
co
ve
r
ba
d
n
o
si
gn
ific
an
t
e
ffe
ct
s
o
n
a
n
y
o
f
th
es
e
pa
ra
m
et
er
s
in
u
n
de
ry
ea
rli
ng
br
ow
n
tro
ut
a
n
d
ra
in
bo
w
tro
ut
.
Th
es
e
fin
di
ng
s
a
re
di
sc
us
se
d
in
re
la
tio
n
to
fe
ed
in
g
o
pp
or
tu
ni
ty
a
n
d
be
ha
vio
ur
al
di
ffe
re
nc
es
be
tw
ee
n
sp
ec
ie
s.
IN
TR
O
DU
CT
IO
N
O
ve
rh
ea
dc
o
v
er
is
an
im
po
rta
nt
fe
at
ur
eo
f t
he
n
at
ur
al
en
v
iro
nm
en
to
f s
al
-
m
o
rt
idf
ish
.B
eh
av
io
ur
als
tu
di
es
ha
ve
sh
ow
nt
ha
t b
ro
w
nt
ro
ut
, S
al
m
tru
tta
L.
,
br
oo
ktr
ou
t,S
al
ue
lin
us
fo
nt
in
al
is
M
itc
hi
ll,a
n
d,
to
a
le
ss
er
ex
te
nt
,ra
in
bo
wt
ro
ut
,
Sa
lin
e
ga
ird
ne
ri
R
ic
ha
rd
so
n,a
re
at
tr
ac
te
dt
o
th
os
ep
ar
ts
o
fa
st
re
am
w
ith
o
v
er
-
he
ad
co
v
er
(B
utl
era
nd
H
aw
th
or
ne
,19
68
)an
dju
ve
nil
eA
tla
nt
ics
al
m
on
, Sa
l=
so
la
rL
.,m
o
v
er
ap
id
lyt
oa
re
as
o
fc
o
v
er
w
he
na
la
rm
ed
(K
all
eb
erg
,19
58
).M
or
e-
o
v
er
,th
ec
ar
ry
in
gc
ap
ac
ity
o
ftr
ou
ts
tr
ea
m
si
ss
tr
on
gl
yi
nf
lu
en
ce
db
y t
he
de
gr
ee


c
o
f
co
v
er
(S
au
nd
ers
an
d
Sm
ith
,
19
55
)
an
d
th
is
ca
n
be
ar
tif
ic
ia
lly
in
cr
ea
se
d
to
im
pr
ov
e
th
e
st
an
di
ng
cr
o
p
o
f b
ro
ok
tr
ou
t
(S
au
nd
ers
an
d
Sm
ith
,
19
62
).
A
tte
m
pt
s
to
ex
pl
oi
t
th
is
ph
en
om
en
on
fo
r
aq
ua
cu
ltu
ra
l
pu
rp
os
es
ha
ve
be
en
in
fre
qu
en
t
an
d
th
e
re
su
lts
eq
ui
vo
ca
l.
R
oa
dh
ou
se
et
al
.
(19
86
)
de
m
on
str
at
ed
th
at
th
e
pr
ov
isi
on
o
f
o
v
er
he
ad
co
v
er
co
u
ld
sig
ni
fic
an
tly
in
cr
ea
se
th
e
gr
ow
th
ra
te
o
f h
at
ch
er
y-
re
ar
ed
la
ke
tr
ou
t,
Sa
lv
el
in
us
n
a
m
a
yc
us
h
(W
alh
au
m)
.
G
ro
w
th
in
juv
en
ile
A
tla
nt
ic
sa
lm
on
is
ch
ar
ac
te
riz
ed
by
a
siz
e
bi
m
od
al
ity
( K
nu
ts
so
n
an
d
G
ra
y,
19
76
; T
ho
rp
e,
19
77
)
w
hi
ch
re
su
lts
fro
m
di
ffe
re
nc
es
in
th
e
gr
ow
th
ra
te
s
o
f
po
te
nt
ia
l
sm
o
lts
an
d
pa
rr
(se
e
Th
or
pe
,
19
87
).
Si
m
ps
on
an
d
Th
or
pe
(19
76
),
u
sin
g
a
ra
di
al
-fl
ow
ta
nk
de
sig
ne
d
to
o
pt
im
iz
e
fe
ed
in
g
o
pp
or
tu
ni
tie
s
o
f
juv
en
ile
sa
lm
on
(T
ho
rpe
,
19
81
),
sh
ow
ed
th
at
th
is
siz
e
bi
m
od
al
ity
w
as
sig
ni
f-
ic
an
tly
in
flu
en
ce
d
by
th
e
pr
ov
isi
on
o
f
an
n
u
la
r
ta
nk
co
v
er
s,
u
n
de
r
w
hi
ch
th
e
fis
h
te
nd
ed
to
co
n
gr
eg
at
e.
Th
e
u
se
o
f c
o
v
er
s
re
su
lte
d
in
a
lo
w
er
pr
op
or
tio
n
o
f
th
e
po
pu
la
tio
n
in
th
e
u
pp
er
siz
e
m
o
de
, i
.e
.,
it
re
st
ric
te
d
th
e
gr
ow
th
o
f s
o
m
e
fis
h.
In
o
th
er
st
ud
ie
s
o
n
th
e
sa
m
e
sp
ec
ie
s,
th
e
pr
ov
isi
on
o
f c
o
v
er
ha
d
n
o
sig
ni
fic
an
t
in
flu
en
ce
o
n
gr
ow
th
an
d
bi
m
od
al
ity
(T
ho
rpe
an
d
M
or
ga
n,
19
78
).
H
ow
ev
er
,
w
he
n
di
ffe
re
nt
de
gr
ee
s
o
f
o
v
er
he
ad
co
v
er
w
er
e
co
m
pa
re
d,
Th
or
pe
an
d
W
an
-.
ko
w
sk
i
(19
79
) f
ou
nd
th
at
in
cr
ea
sin
g
th
e
siz
e
o
f
th
e
an
n
u
la
r
ta
nk
co
v
er
in
-
cr
ea
se
d
th
e
pr
op
or
tio
no
ft
he
po
pu
la
tio
ni
n t
he
u
pp
er
m
o
da
lgr
ou
p.
Th
e
pr
es
en
t
st
ud
y
ex
am
in
est
he
ef
fe
ct
s
o
f o
v
er
he
ad
co
v
er
o
n
th
e
gr
ow
th
an
d
su
rv
iv
al
o
f t
hr
ee
sp
ec
ie
s
o
f s
al
m
on
id
fis
h
re
ar
ed
u
n
de
r
aq
ua
cu
ltu
re
co
n
di
tio
ns
in
co
n
v
en
tio
na
l,
ta
ng
en
tia
l-f
lo
w
ta
nk
s.
R
ou
tin
e
he
al
th
ch
ec
ks
w
er
e
m
ad
e
by
sc
re
en
in
g
th
e
fis
h
fo
r s
ig
ns
o
f d
ise
as
e,
an
d
ch
ro
ni
c
st
re
ss
re
sp
on
se
s
w
er
e
id
en
-
tif
ie
d
by
m
ea
n
s
o
f h
ae
m
at
ol
og
y
(P
ick
eri
ng
an
d
Po
tti
ng
er
,
19
87
a )
.
M
AT
ER
IA
LS
AN
D
M
ET
H
O
DS
Fi
sh B
ro
w
nt
ro
ut
ey
ed
-o
vaw
er
ep
ur
ch
as
ed
fro
m
D
un
so
pB
rid
ge
Tr
ou
tF
ar
m
,N
r.
Cl
ith
ei
oe
,La
nc
as
hi
re
,in
Fe
br
ua
ry
19
86
,ra
in
bo
wt
ro
ut
ey
ed
-o
va
w
er
eo
bt
ai
ne
d
fro
m
A
nn
an
da
leT
ro
ut
Fa
rm
,Jo
hn
sto
ne
B
rid
ge
,D
um
fri
es
sh
ire
,in
M
ay
19
86
,
an
d f
re
sh
ly
fe
rti
liz
ed
eg
gs
fro
m
w
ild
A
tla
nt
ic
sa
lm
on
,ta
ke
no
n
th
ei
r s
pa
w
ni
ng
m
ig
ra
tio
nin
th
e R
iv
er
Lu
ne
,L
an
ca
sh
ire
,w
er
ek
in
dl
yp
ro
vi
de
db
yt
he
N
or
th
W
es
tW
at
er
A
ut
ho
rit
yi
nD
ec
em
be
r19
85
.E
gg
sw
er
ei
nc
ub
at
ed
in
a
H
ea
th
in
-
cu
ba
to
ra
t
th
e
FB
A
'sh
at
ch
er
ya
n
d
al
ev
in
sw
er
e
tr
an
sf
er
re
d t
o
fis
h-
re
ar
in
g
tr
ou
gh
su
n
til
th
e y
ol
k-
sa
cw
as
fu
lly
re
so
rb
ed
an
d t
he
fis
hw
er
ea
ct
iv
el
yfe
ed
in
g
o
n
B
P
N
ut
rit
io
n"
M
ai
ns
tre
am
"p
el
le
ts
(si
ze
00
). T
he
re
su
lta
nt
fry
w
er
et
he
n
u
se
df
or
ex
pe
rim
en
ta
lst
ud
ie
s (
see
be
lo
w
)c
o
m
m
en
ci
ng
in
la
te
-M
ay
fo
r t
he
br
ow
n
tr
ou
t,
m
id
-J
un
ef
or
th
e r
ai
nb
ow
tr
ou
t a
n
dm
id
-J
ul
yf
or
th
e s
al
m
on
.
00
44
-8
48
6/
87
40
3.
50
C
19
87
El
se
vi
er
Sc
ie
nc
e
Pu
bl
ish
er
s
R
N
.
N
el
N
M
a
M
I
O
la
M
I
M
S
a
•
M
S
M
S
10
SO
IN
S
1•
11
1
a
rin
uI
di
co
ve
,
O
UT
FL
O
W
Fi
g.
1-
Sc
he
m
at
ic
di
ag
ra
m
o
f
th
e
re
a
rin
g
ta
nk
a
n
d
flo
at
in
g
a
n
n
u
la
r
co
ve
r
u
se
d
du
rin
g
th
e
pr
es
en
t
in
ve
st
ig
at
io
n.
Th
e
cr
o
ss
-h
at
ch
ed
re
gi
on
o
f
th
e
co
ve
r
co
n
si
st
s
o
f
fib
re
gl
as
s-
re
in
fo
rc
ed
e
xp
an
de
d
po
lys
ty
re
ne
.
Re
ar
in
g
ta
nk
s
a
n
d
co
ve
rs
Th
e
ex
pe
rim
en
ts
w
er
e
pe
rfo
rm
ed
in
2-
rn
di
am
et
er
,
o
u
td
oo
r,
gr
ey
fib
re
gl
as
s
ta
nk
s
ea
ch
su
pp
lie
d
w
ith
a
ta
ng
en
tia
l
flo
w
o
fa
er
at
ed
W
in
de
rm
er
e
la
ke
w
at
er
(35
Im
in
-
).
Th
e
w
at
er
de
pt
h
w
as
ad
jus
ted
by
ch
an
gi
ng
th
e
he
ig
ht
o
f
th
e
o
u
tfl
ow
pi
pe
an
d
th
e
cu
rr
en
t
sp
ee
d
(15
-30
cm
s'
)w
as
ad
jus
ted
by
al
te
rin
g
th
e
an
gl
e
fro
m
th
e
v
er
tic
al
o
f
th
e
in
flo
w
pi
pe
.
A
nn
ul
ar
flo
at
in
g
co
v
er
s
w
er
e
co
n
st
ru
ct
ed
o
ff
ib
re
gl
as
s
an
d
po
ly
sty
re
ne
to
a
de
sig
n
pa
te
nt
ed
(U
.K
.2
05
2
93
1,
U
.S
.A
.
42
71
78
8)
by
K
no
w
le
s,
R
in
es
A
ss
oc
ia
te
s
(K
R
A
W
es
tb
ro
ok
,
M
on
ia
k
B
rid
ge
,
In
ve
rn
es
s-
sh
ire
,
Sc
ot
la
nd
,
Fi
g.
1)
.T
he
co
v
er
,
w
hi
ch
o
cc
u
pi
ed
67
%
o
f
th
e
w
at
er
su
rfa
ce
ar
ea
,
w
as
pr
ev
en
te
d
fro
m
ro
ta
tin
g
by
m
ea
n
s
o
f
fo
ur
n
yl
on
gu
y-
lin
es
at
ta
ch
ed
to
th
e
sid
es
o
ft
he
ta
nk
.
Fi
ne
pl
as
tic
n
et
tin
g
(0.
5-i
n,
m
es
h)
w
as
u
se
d
to
pr
ev
en
t
th
e
ac
cu
m
u
la
tio
n
o
ff
al
lin
g
le
av
es
an
d
ea
ch
ta
nk
w
as
cl
ea
ne
d
o
n
a
fo
rtn
ig
ht
ly
ba
sis
w
ith
ou
t
re
m
o
v
in
g
th
e
fis
h.
Ex
pe
ri
m
en
ta
l
de
sig
n
B
ro
w
n
tr
ou
t,
ra
in
bo
w
tr
ou
t
an
d
sa
lm
on
fry
w
er
e
se
pa
ra
te
ly
di
str
ib
ut
ed
in
to
qu
ad
ru
pl
ic
at
e
re
ar
in
g
ta
nk
s
at
a
de
ns
ity
o
f1
00
0f
ish
/ta
nk
.
Fo
re
ac
h
sp
ec
ie
s,
tw
o
o
ft
he
fo
ur
ta
nk
s
w
er
e
pr
ov
id
ed
w
ith
flo
at
in
g
an
n
u
la
r
co
v
er
s
an
d
th
e
al
lo
-
ca
tio
n
o
fs
pe
ci
es
an
d
co
v
er
s
be
tw
ee
n
th
e
12
ta
nk
s
av
ai
la
bl
e
fo
r
th
is
st
ud
y
w
as
ra
n
do
m
iz
ed
by
dr
aw
in
g
lo
ts.
Th
e
fis
h
w
er
e
ha
nd
-fe
d
w
ith
co
m
m
er
ci
al
tr
ou
t


11
2
an
d
sa
lm
on
fo
od
th
re
e
tim
es
da
ily
du
rin
g
w
ee
kd
ay
s
an
d
o
n
ce
da
ily
at
th
e
w
ee
k-
en
ds
.
Th
e
ex
ac
t
fe
ed
in
g
ra
te
w
as
de
pe
nd
en
t
u
po
n
fis
h
siz
e
an
d
w
at
er
te
m
pe
r-
at
ur
e
bu
t
w
ith
in
ea
ch
sp
ec
ie
s,
th
e
am
o
u
n
t
o
f
fo
od
gi
ve
n
at
an
y
o
n
e
tim
e
w
as
ad
jus
ted
to
th
e
fa
ste
st
gr
ow
th
ra
te
an
d
w
as
id
en
tic
al
fo
r
al
l
fo
ur
ta
nk
s.
Th
e
w
at
er
te
m
pe
ra
tu
re
du
rin
g
th
e
pe
rio
d
o
f
th
is
in
ve
sti
ga
tio
n
(M
ay
-N
ov
em
be
r
19
86
)
w
as
in
th
e
ra
n
ge
6.
7-
17
.1
°C
.
D
ai
ly
m
o
rt
al
iti
es
w
er
e
n
o
te
d
an
d
w
ee
kl
y
m
o
rt
al
ity
ra
te
s
w
er
e
ca
lc
ul
at
ed
af
te
r
co
rr
ec
tio
n
fo
r
lo
ss
es
du
e
to
sa
m
pl
in
g.
Sa
m
pl
es
o
fe
ig
ht
fis
h
pe
r
ta
nk
w
er
e
ta
ke
n
o
n
a
fo
rtn
ig
ht
ly
ba
sis
an
d
an
ae
st
h-
et
iz
ed
in
ph
en
ox
ye
th
an
ol
(0
.5
m
l
).
Sk
in
sc
ra
pe
s
w
er
e
ta
ke
n
fro
m
th
e
fla
nk
s
o
f
th
e
fis
h
an
d
ex
am
in
ed
fo
r
ec
to
pa
ra
sit
es
by
da
rk
-fi
el
d
an
d
ph
as
e-
co
nt
ra
st
m
ic
ro
sc
op
y.
Pa
ra
sit
es
w
er
e
id
en
tif
ie
d
to
th
e
ge
nu
s
le
ve
l
an
d
th
ei
r
ab
un
da
nc
e
o
n
ea
ch
fis
h
w
as
es
tim
at
ed
o
n
a
sc
al
e
o
f0
(ab
sen
t)
to
3
(ab
un
da
nt)
.
Ea
ch
fis
h
w
as
th
en
w
ei
gh
ed
an
d
m
ea
su
re
d
(fo
rk
le
ng
th
),
a
bl
oo
d
sa
m
pl
e
w
as
ta
ke
n
by
se
v
er
in
g
th
e
ta
il
an
d
co
lle
ct
in
g
bl
oo
d
fro
m
th
e
ca
u
da
l
v
es
se
ls
in
he
pa
rin
iz
ed
ca
pi
lla
ry
tu
be
s,
an
d
th
e
fis
h
w
as
ki
lle
d
by
sp
in
al
se
ct
io
n.
To
ta
l
bl
oo
d
ce
ll
co
u
n
ts
w
er
e
m
ad
e
o
n
se
di
m
en
te
d,
di
lu
te
d
bl
oo
d
sa
m
pl
es
an
d
di
ffe
re
nt
ia
l
ce
ll
co
u
n
ts
w
er
e
o
bt
ai
ne
d
fro
m
ai
r-d
rie
d,
m
et
ha
no
l-f
ix
ed
sm
ea
rs
se
e
Pi
ck
er
in
g
an
d
Po
t-.
tin
ge
r
(19
85
)
fo
r
te
ch
ni
ca
l
de
ta
ils
].
G
ro
w
th
st
ud
ie
s
an
d
bl
oo
d
sa
m
pl
in
g
w
er
e
ca
rr
ie
d
o
u
t
o
n
al
ls
pe
ci
es
u
n
til
Se
pt
em
be
r
19
86
an
d
th
e
m
o
n
ito
rin
g
o
fm
o
rt
al
-
iti
es
an
d
ec
to
pa
ra
sit
e
ab
un
da
nc
e
w
as
co
n
tin
ue
d
u
n
til
N
ov
em
be
r
19
86
,a
t
w
hi
ch
po
in
t
th
e
ex
pe
rim
en
t
w
as
te
rm
in
at
ed
.
A
t
th
e
en
d
o
f
th
e
ex
pe
rim
en
t,
th
e
fo
rk
le
ng
th
o
fa
ll
th
e
sa
lm
on
fro
m
ea
ch
tr
ea
tm
en
t
(co
ve
rs
o
r
n
o
co
v
er
s)
w
as
m
ea
s-
u
re
d
an
d
th
e
le
ng
th
/fr
eq
ue
nc
y
di
str
ib
ut
io
ns
w
er
e
ex
am
in
ed
fo
r
bi
m
od
al
ity
.
St
at
ist
ic
al
a
n
a
ly
se
s
W
ei
gh
t,
le
ng
th
an
d
bl
oo
d
ce
ll
co
n
ce
n
tr
at
io
ns
w
er
e
se
pa
ra
te
ly
an
al
ys
ed
fo
r
ea
ch
sp
ec
ie
s
by
an
al
ys
is
o
fv
ar
ia
nc
e
(G
en
sta
t).
Tr
ea
tm
en
t
(co
ve
rs
o
r
n
o
co
v
-
er
s)
an
d
tim
e
w
er
e
u
se
d
as
fa
ct
or
s
an
d
ta
nk
an
d
fis
h
n
u
m
be
r
w
er
e
u
se
d
as
bl
oc
ki
ng
ef
fe
ct
s
to
gi
ve
a
n
es
te
d
er
ro
r
st
ru
ct
ur
e
w
ith
w
hi
ch
to
as
se
ss
th
e
sig
-
n
ifi
ca
nb
e
o
ft
he
fa
ct
or
s
an
d
th
ei
r
in
te
ra
ct
io
n.
Fr
om
a
pl
ot
o
ft
he
re
sid
ua
ls
ag
ai
ns
t
fit
te
d
v
al
ue
s,
ap
pr
op
ria
te
tr
an
sf
or
m
at
io
ns
(sq
ua
re
ro
o
t
o
r
lo
ga
rit
hm
)
w
er
e
se
le
ct
ed
,w
he
re
n
ec
es
sa
ry
,
to
im
pr
ov
e
ho
m
og
en
ei
ty
o
f
v
ar
ia
nc
e.
Le
ve
ls
o
f
sig
-
n
ifi
ca
nc
e
w
er
e
de
riv
ed
fro
m
th
es
e
an
al
ys
es
bu
t,
fo
r
ea
se
o
f
pr
es
en
ta
tio
n,
da
ta
ar
e
gi
ve
n
as
ar
ith
m
et
ic
m
ea
n
s
IS
EM
.
Th
e
pr
ob
ab
ili
ty
pa
pe
r
te
ch
ni
qu
e
w
as
u
se
d
to
id
en
tif
y
bi
m
od
al
ity
in
th
e
sa
lm
on
le
ng
th
fre
qu
en
cy
di
str
ib
ut
io
ns
(C
as-
sie
,1
95
4)
an
d
co
m
pa
ris
on
s
o
ft
ot
al
m
o
rt
al
ity
w
ith
in
ea
ch
tr
ea
tm
en
t
an
d
o
ft
he
n
u
m
be
ro
fs
al
m
on
w
ith
in
ea
ch
m
o
de
at
th
e
en
d
o
ft
he
ex
pe
rim
en
tw
er
e
m
ad
e
by
x
2a
n
al
ys
is.
IS
M
t
a
11
1M
0
11
11
11
1SI
O
M
M
S
at
N
M
I
M
I
SI
O
W
S.
la
•
M
B
IO
N
11
3
11
4
R
ES
U
LT
S
G
ro
wt
h
SA
LM
O
N
5
dl
M
JJ
A
S
N
SD
"
41
I
I
M
J
A
S
J
A
s
Th
e
pr
ov
isi
on
o
f o
v
er
he
ad
co
v
er
ha
d
n
o
sig
ni
fic
an
t
ef
fe
ct
o
n
th
e
gr
ow
th
ra
te
o
f b
ro
w
n
tr
ou
t
o
r
ra
in
bo
w
tr
ou
t
( F
ig
. 2
).
D
ur
in
g
th
e
pe
rio
d
M
ay
-S
ep
te
m
be
r
th
e
br
ow
n
tr
ou
t
in
cr
ea
se
d
in
w
ei
gh
t
to
25
12
g
(m
ea
n
le
ng
th
10
cm
),
du
rin
g
th
e
pe
rio
d
Ju
ne
-S
ep
te
m
be
r
th
e
ra
in
bo
w
tr
ou
t
in
cr
ea
se
d
in
w
ei
gh
t
to
50
g
(m
ea
n
le
ng
th
15
cm
).
B
y
co
m
pa
ris
on
,
o
v
er
he
ad
co
v
er
ha
d
a
m
ar
ke
d
an
d
hi
gh
ly
sig
-
n
ifi
ca
nt
(P
<
0.
00
1)
ef
fe
ct
o
n
th
e
gr
ow
th
o
f ju
ve
nil
e
A
tla
nt
ic
sa
lm
on
.
D
ur
in
g
th
e
pe
rio
d
Ju
ly
-S
ep
te
m
be
r
sa
lm
on
w
ith
ou
t
ac
ce
ss
to
o
v
er
he
ad
co
v
er
o
n
ly
in
-
cr
ea
se
d
in
w
ei
gh
t
to
1.
5
g
(m
ea
n
le
ng
th
5
cm
) w
he
re
as
th
e
sa
lm
on
in
ta
nk
s
pr
ov
id
ed
w
ith
flo
at
in
g
co
v
er
s
in
cr
ea
se
d
in
w
ei
gh
t
to
al
m
os
t
4
g
(m
ea
n
le
ng
th
7
cm
).
Th
is
gr
ow
th
-p
ro
m
ot
in
g
ef
fe
ct
o
f o
v
er
he
ad
co
v
er
be
ca
m
e
ap
pa
re
nt
w
ith
in
6
w
ee
ks
o
f t
he
o
n
se
t
o
f t
he
ex
pe
rim
en
t
(F
ig
. 2
).
A
n
an
al
ys
is
o
f
th
e
le
ng
th
fre
qu
en
cy
di
str
ib
ut
io
ns
o
f
sa
lm
on
in
N
ov
em
be
r
re
v
ea
le
d
a
m
ar
ke
d
bi
m
od
al
ity
in
th
e
fis
h
fro
m
bo
th
tr
ea
tm
en
ts
( F
ig
. 3
).
H
ow
-
ev
er
,
bo
th
m
o
da
l
le
ng
th
s
w
er
e
gr
ea
te
r
in
th
e
fis
h
fro
m
ta
nk
s
pr
ov
id
ed
w
ith
o
v
er
he
ad
co
v
er
(6.
5
an
d
9.
5
cm
cf
. 5
.5
an
d
8.
25
cm
).
M
or
eo
ve
r,
in
th
e
co
v
er
ed
ta
nk
s
38
%
o
f t
he
po
pu
la
tio
n
be
lo
ng
ed
to
th
e
u
pp
er
m
o
de
w
he
re
as
o
n
ly
22
%
o
f
th
e
po
pu
la
tio
n
be
lo
ng
ed
to
th
e
u
pp
er
m
o
de
in
th
e
ta
nk
s
w
ith
ou
t
o
v
er
he
ad
co
v
er
.
Th
is
di
ffe
re
nc
e
in
pr
op
or
tio
n
w
as
hi
gh
ly
sig
ni
fic
an
t
(P
<
0.
00
1).
D
is
ea
se
a
n
d
m
o
rt
al
ity
Sk
in
sm
ea
rs
do
n
o
t
pr
ov
id
e
rig
or
ou
sly
qu
an
tit
at
iv
e
da
ta
an
d
it
w
as
n
ec
es
-
sa
ry
,
th
er
ef
or
e,
to
es
tim
at
e
pa
ra
sit
ic
ab
un
da
nc
e
in
ar
bi
tra
ry
u
n
its
.
Fo
r
ea
ch
fis
h
th
e
ab
un
da
nc
e
o
f e
ac
h
pa
ra
sit
e
w
as
es
tim
at
ed
o
n
a
sc
al
e
o
f 0
(ab
sen
t)
to
3
(ab
un
da
nt)
.
Si
m
pl
e
ad
di
tio
n
o
f t
he
se
es
tim
at
es
fo
r e
ac
h
fis
h
w
ith
in
a
sa
m
pl
e
al
lo
w
ed
a
co
m
pa
ris
on
o
f c
ha
ng
es
in
th
e
ab
un
da
nc
e
o
f t
he
fiv
e
di
ffe
re
nt
ge
ne
ra
o
f
ec
to
pa
ra
sit
ic
pr
ot
oz
oa
th
at
o
cc
u
rr
ed
o
n
th
e
ex
pe
rim
en
ta
l
fis
h
du
rin
g
th
e
co
u
rs
e
o
f t
hi
s
st
ud
y
(F
ig.
4
) .
A
ll
sp
ec
ie
s
o
f f
ish
w
er
e
in
iti
al
ly
in
fe
ste
d
w
ith
th
e
pa
ra
sit
ic
fla
ge
lla
te
,
Ic
ht
hy
ob
od
o
( m
Co
sti
a),
In
th
e
sa
lm
on
,
th
e
in
fe
sta
tio
n
w
as
re
la
tiv
el
y
sh
or
t-l
iV
ed
(Ju
ly
an
d
A
ug
us
t)
an
d
n
ev
er
re
ac
he
d
th
e
sa
m
e
de
gr
ee
o
f
ab
un
da
nc
e
th
at
de
ve
lo
pe
d
in
bo
th
sp
ec
ie
s
o
f
tr
ou
t
Th
e
pa
ra
sit
ic
ci
lia
te
,
Th
-
ch
od
in
a,
su
cc
ee
de
d
Ie
ht
hy
ob
od
o
o
n
th
e
sa
lm
on
bu
t
di
d
n
o
t
ap
pe
ar
o
n
ei
th
er
sp
ec
ie
s
o
f t
ro
ut
.
A
m
in
or
an
d
sh
or
t-l
iv
ed
M
yx
os
po
rid
ia
n
in
fe
sta
tio
n
o
cc
u
rr
ed
o
n
th
e
ra
in
bo
w
tr
ou
t
du
rin
g
Ju
ly
.
lc
ht
hy
ob
od
o
in
fe
sta
tio
n
w
as
fo
llo
w
ed
o
n
th
e
br
ow
n
tr
ou
t,
bu
t
n
o
t
o
n
th
e
ra
in
bo
w
tr
ou
t,
by
co
lo
ni
za
tio
n
w
ith
th
e
se
ss
ile
pe
rit
ric
h,
Sc
yp
hi
di
a,
an
d
a
re
la
te
d
ci
lia
te
,
Ap
io
so
m
a
(
G
lo
ss
at
el
la
),
o
cc
u
rr
ed
o
n
al
l
th
re
e
sp
ec
ie
s
o
f
fis
h
du
rin
g
th
e
la
te
r
st
ag
es
o
f
th
e
st
ud
y
(A
ug
us
t
o
n
-
w
ar
ds
).
In
te
re
st
in
gl
y,
Ap
io
so
m
a
w
as
fo
un
d
o
n
th
e
sa
lm
on
in
ta
nk
s
pr
ov
id
ed
w
ith
o
v
er
he
ad
co
v
er
bu
t
n
o
t
o
n
th
os
e
w
ith
ou
t
co
v
er
.
W
ith
th
is
o
n
e
ex
ce
pt
io
n,
R
A
IN
B
O
W
TR
O
UT
3
3
p<
00
I
2
M
JJ
A
S
•
B
R
O
W
N
TR
O
UT a
f,
I °
IS
N
SO
A
M
JJ
A
a
N
s
M
I
a
a
a
a
SS
SS
P
III
IIM
IS
SO
M
M
IS
am
as
M
O
11
5
o
ve
rh
ea
d
co
ve
r
a
pp
ea
re
d
to
ha
ve
lit
tle
e
ffe
ct
o
n
th
e
se
ve
rit
y
o
r
du
ra
tio
n
o
f
e
ct
op
ar
as
itic
in
fe
st
at
io
n.
W
he
n
th
e
m
o
rta
lit
y
da
ta
w
e
re
su
bje
cte
d
to
x2
a
n
a
lys
is
it
w
a
s
n
o
t
po
ss
ib
le
to
de
m
on
st
ra
te
a
n
y
si
gn
ific
an
t
e
ffe
ct
s
o
f
o
ve
rh
ea
d
co
ve
r
o
n
th
e
to
ta
l
m
o
rta
lit
y
o
f
e
a
ch
sp
ec
ie
s.
N
ev
er
th
el
es
s,
m
o
rta
lit
y
ra
te
s
w
e
re
n
o
t
co
n
st
an
t
(F
ig.
5)
a
n
d
in
th
e
sa
lm
on
,
th
e
hi
gh
es
t
w
e
e
kl
y
m
o
rta
lit
y
ra
te
s
(
1%
)
co
in
ci
de
d
w
ith
th
e
pe
-
6
7
9
10
11
12
N
O
CO
VE
R
6
7
5
9
10
Ii
12
Fo
rk
le
ng
th
In
cm
Fi
g.
3.
Le
ng
th
fre
qu
en
cy
di
st
rib
ut
io
ns
o
f
juv
en
ile
sa
lm
on
re
ar
ed
fro
m
Ju
ly
to
N
ov
em
be
r
in
th
e
pr
es
en
ce
of
o
ve
rh
ea
d
co
ve
r
(u
pp
er
fig
ur
e)
o
r
w
ith
ou
t
co
ve
r
(lo
we
r
fig
ur
e).
Th
e
m
o
da
l
di
st
rib
ut
io
n
w
as
de
te
rm
in
ed
u
si
ng
Ca
ss
ie
's
(19
54
) p
ro
ba
bi
lit
y
pa
pe
r
te
ch
ni
qu
e,
Fi
g.
2,
Th
e
in
cr
ea
se
in
bo
dy
w
ei
gh
t
an
d
fo
rk
le
ng
th
o
f
th
e
th
re
e
sp
ec
ie
s
o
f
sa
lm
on
id
fis
h
du
rin
g
th
e
co
u
rs
e
o
f
th
e
st
ud
y.
Co
nt
in
uo
us
lin
es
re
pr
es
en
t
fis
h
re
ar
ed
in
ta
nk
s
w
ith
ou
t
o
ve
rh
ea
d
co
ve
r,
br
ok
en
lin
te
l
re
pr
es
en
t
Cm
h
fro
m
ta
nk
s
pr
ov
id
ed
w
ith
an
n
u
la
r
flo
at
in
g
co
ve
n
.
Ea
ch
po
in
t
re
pr
e-
se
n
ts
th
e
ar
ith
m
et
ic
m
ea
n
±
SE
M
(n
=1
6)
an
d
th
e
si
gn
ifi
ca
nc
e
o
f
th
e
di
ffe
re
nc
e
be
tw
ee
n
m
ea
n
s
at
ea
ch
sa
m
pl
in
g
tim
e
is
in
di
ca
te
d
o
n
o
.o
s,
•
•
Pc
0.
01
,
'n
13
.0
10
01
).
Th
e
pr
ob
ab
ili
ty
v
al
ue
gi
ve
n
fo
r
ea
ch
gr
ap
h
is
th
e
in
te
ra
ct
io
n
o
f
tr
ea
tm
en
t
w
ith
tim
a
(d
er
ive
d
fro
m
an
al
ys
is
o
f
v
ar
ia
nc
e).
11
6
Fi
g.
4.
Ec
to
pa
ra
si
tic
in
fe
st
at
io
ns
o
n
juv
en
ile
sa
lm
on
,
br
ow
n
tr
ou
t
an
d
ra
in
bo
w
tr
ou
t
du
rin
g
th
e
st
ud
y
pe
rio
d.
Th
e
ab
un
da
nc
e
o
f
ea
ch
pa
ra
si
te
w
as
es
tim
at
ed
,
at
fo
rtn
ig
ht
ly
in
te
rv
al
s,
fro
m
sk
in
se
ra
pe
s
an
d
is
ex
pr
es
se
d
in
ar
bi
tra
ry
u
n
its
(se
e
R
es
ul
ts
fo
r
de
ta
ils
).
Co
nt
in
uo
us
lin
es
re
pr
es
en
t
fu
h
in
ta
nk
s
w
ith
ou
t
co
ve
r,
br
ok
en
lin
es
re
pr
es
en
t
fis
h
in
ta
nk
s
fit
te
d
w
ith
flo
at
in
g
an
n
u
la
r
co
ve
rs
.
n
o
d
o
f
Ic
ht
hy
ob
od
o
in
fe
st
at
io
n.
It
w
a
s
o
bs
er
ve
d,
ho
w
ev
er
,
th
at
th
is
e
le
va
te
d
m
o
rta
lit
y
ra
te
w
a
s
a
ls
o
a
ss
o
ci
at
ed
w
ith
th
e
fa
ilu
re
o
f
a
fe
w
fry
to
fe
ed
pr
op
er
ly
a
n
d
it
is
im
po
ss
ib
le
,
th
er
ef
or
e,
to
di
ss
oc
ia
te
th
e
e
ffe
ct
s
o
f
m
a
ln
ut
rit
io
n
fro
m
th
os
e
o
f
di
se
as
e
pe
r
se
.
In
th
e
br
ow
n
tro
ut
a
n
d
ra
in
bo
w
tro
ut
,
Ic
ht
hy
ob
od
o
in
fe
st
at
io
n
w
a
s
n
o
t
a
ss
o
ci
at
ed
w
ith
a
n
y
m
a
rk
ed
in
cr
ea
se
in
m
o
rta
lit
y
ra
te
.
Su
r-
vi
va
l
o
f
th
e
br
ow
n
tro
ut
w
a
s
hi
gh
th
ro
ug
ho
ut
th
e
w
ho
le
o
f
th
e
st
ud
y
pe
rio
d
w
ith
w
e
e
kl
y
m
o
rta
lit
y
ra
te
s
re
m
a
in
in
g
be
lo
w
1%
. A
m
a
rk
ed
in
cr
ea
se
in
ra
in
-
bo
w
tro
ut
m
o
rta
lit
y
ra
te
w
a
s
o
bs
er
ve
d
(pa
rtic
ula
rly
in
th
e
co
ve
re
d
ta
nk
s)
du
r-
in
g
Se
pt
em
be
r.
Vi
su
al
in
sp
ec
tio
n
o
f
th
e
de
ad
fis
h
re
ve
a
le
d
a
fe
w
o
pe
n
le
si
on
s
o
n
th
e
fla
nk
s
o
f
so
m
e
fis
h
to
ge
th
er
w
ith
e
vi
de
nc
e
o
f
in
te
rn
al
ha
em
or
rh
ag
in
g
a
n
d
it
w
a
s
co
n
cl
ud
ed
th
at
so
m
e
fo
rm
o
f
ba
ct
er
ia
l
in
fe
ct
io
n
w
a
s
pr
ob
ab
ly
re
-
sp
on
sib
le
.
Th
is
o
n
ly
de
ve
lo
pe
d
w
he
n
th
e
ca
rr
yin
g
ca
pa
cit
y
o
f
th
e
ta
nk
s
[as
ca
lc
ul
at
ed
a
cc
o
rd
in
g
to
W
es
te
rs
a
n
d
Pr
at
t
(19
77
)]
w
a
s
e
xc
e
e
de
d.
Un
de
r
n
o
r-
m
a
l a
qu
ac
ul
tu
ra
l
o
pe
ra
tio
ns
,
th
es
e
fis
h
w
o
u
ld
ha
ve
be
en
th
in
ne
d-
ou
t
a
n
d
gr
ad
ed
be
fo
re
su
ch
pr
ob
le
m
s
o
cc
u
rr
e
d.
Bl
oo
d
ce
ll
cO
un
ts
,
In
a
ll
sp
ec
ie
s,
th
e
co
n
ce
n
tra
tio
n
o
f
ci
rc
ul
at
in
g
e
ry
th
ro
cy
te
s
sh
ow
ed
a
pr
o-
gr
es
siv
e
in
cr
ea
se
du
rin
g
th
e
co
u
rs
e
o
f
th
is
st
ud
y
(F
ig.
6).
In
bo
th
th
e
sa
lm
on
SA
LM
O
N
G
RO
W
N
TR
O
UT
R
AI
N
BO
W
'm
o
w
40 2
0
•
T
Ap
as
er
n.
20
I J
I
J
I'A
IS
io
l
.
1
I
M
I
M
I
IS
IO
W
11
10
SI
S
S
01
11
1
SS
IS
N
B
M
I
M
I
Ill
it
la
O
M
11
11
•
11
7
11
8
S•
Lu
O
N
I
I
J
A
I
I
I
0
N
2 0 2 5 3 2 0
CR
O
W
N
IN
CA
JI
R
A
W
SO
N
TR
O
UT
Fi
g.
5.
W
ee
kl
y
m
o
rta
lit
y
ra
te
s
o
f ju
ve
nil
e
sa
lm
on
,
br
ow
n
tro
ut
a
n
d
ra
in
bo
w
tro
ut
.
Th
e
br
ok
en
lin
e
re
pr
es
en
ts
fis
h
re
a
re
d
in
ta
nk
s
w
ill
o
ve
rh
ea
d
a
n
n
u
la
r
co
ve
rs
,
th
e
co
n
tin
uo
us
lin
e
re
pr
es
en
ts
fis
h
w
ith
ou
t
co
ve
rs
.
an
dt
he
br
ow
ntr
ou
t,n
o
sig
ni
fic
an
tef
fe
ct
so
fo
v
er
he
ad
co
v
er
o
n
th
ee
ry
th
ro
cy
te
co
u
n
tw
er
ed
et
ec
te
d.A
hi
gh
ly
sig
ni
fic
an
tin
te
ra
ct
io
no
f t
re
at
m
en
tw
ith
tim
e
(P
<
0.
00
1)
w
as
n
o
te
df
or
th
e r
ai
nb
ow
tr
ou
t b
ut
in
te
rp
re
ta
tio
no
ft
hi
s r
es
u
lti
s
di
ffi
cu
ltb
ec
au
se
a
sig
ni
fic
an
ttr
ea
tm
en
t e
ffe
ct
w
as
fo
un
da
t
th
e s
ta
rt
o
f t
he
ex
pe
rim
en
t.T
hi
ss
u
gg
es
tst
ha
t, f
or
re
as
o
n
sw
hi
ch
ar
e
n
o
t a
pp
ar
en
t,t
he
di
str
i-
bu
tio
no
f r
ai
nb
ow
tr
ou
t f
ry
be
tw
ee
nth
e o
rig
in
alq
ua
dr
up
lic
at
eta
nk
sw
as
n
o
t
ra
n
do
mw
ith
re
ga
rd
to
th
ec
o
n
ce
n
tr
at
io
no
fc
irc
ul
at
in
ge
ry
th
ro
cy
te
s.H
ow
ev
er
,
by
th
e e
n
do
f t
he
sa
m
pl
in
gp
er
io
dt
he
re
db
lo
od
ce
llc
o
u
n
ts
in
fis
hf
ro
m
bo
th
tr
ea
tm
en
ts
(co
ve
rs,n
o
co
v
er
s)w
er
es
im
ila
r.
N
eu
tro
ph
ilc
o
u
n
ts
in
al
l s
pe
ci
es
w
er
en
o
t s
ig
ni
fic
an
tly
af
fe
ct
ed
by
th
e p
ro
-
v
isi
on
o
fo
v
er
he
ad
co
v
er
al
th
ou
gh
,in
bo
th
th
e s
al
m
on
an
d t
he
ra
in
bo
wt
ro
ut
,
th
en
eu
tr
op
hi
lco
u
n
tin
th
e f
ish
fro
m
un
co
ve
re
dta
nk
s t
en
de
dt
o
be
hi
gh
at
th
e
en
do
fth
e s
tu
dy
pe
rio
d(
Fig
.6)
.
•
Th
ro
m
bo
cy
tec
o
u
n
ts
in
al
l s
pe
ci
es
sh
ow
ed
a
m
ar
ke
di
nc
re
as
ed
ur
in
g t
he
co
u
rs
eo
f t
he
st
ud
y (
Fig
.7
) a
n
d o
v
er
he
ad
co
v
er
sig
ni
fic
an
tly
in
flu
en
ce
dth
e
n
u
m
be
ro
f c
irc
ul
at
in
gth
ro
m
bo
cy
te
sin
th
e s
al
m
on
(P
<0
.05
) b
ut
n
o
t i
n
th
e
SA
LM
O
N
N
W
00
BR
O
W
N
TR
O
UT
.
03
0
M
IJ
IJ
IA
IS
I
R
AI
N
BO
W
TR
O
UT
s3
SO
O
1
M
J
N
W
CO
CO
3
O
N
M
I
a
41
1=
M
O
01
M
g
SI
P
IS
11
11
11
1a
a
11
11
•U
P
SI
P
01
1
11
9
12
0
tr
ou
t.
Th
is
ef
fe
ct
o
n
th
e
sa
lm
on
ap
pe
ar
ed
as
an
el
ev
at
ed
th
ro
m
bo
cy
te
co
u
n
t
at
th
e
en
d
o
f t
he
ex
pe
rim
en
t
in
th
e
fis
h
pr
ov
id
ed
w
ith
o
v
er
he
ad
co
v
er
.
In
a
sim
ila
r
m
an
n
er
,
ly
m
ph
oc
yt
e
co
u
n
ts
in
al
l
sp
ec
ie
s
sh
ow
ed
a
m
ar
ke
d
in
-
cr
ea
se
du
rin
g
th
e
in
ve
sti
ga
tio
n
bu
t
ag
ai
n,
o
v
er
he
ad
co
v
er
ha
d
a
sig
ni
fic
an
t
ef
fe
ct
o
n
th
is
pa
ra
m
et
er
o
n
ly
in
th
e
sa
lm
on
(P
<
0.
00
5
) .
Th
is
tr
ea
tm
en
t
x
tim
e
ef
fe
ct
to
ok
th
e
fo
rm
o
f a
lo
w
er
ly
m
ph
oc
yt
e
co
u
n
t
du
rin
g
A
ug
us
t
an
d
Se
pt
em
be
r
in
th
e
fis
h
w
ith
ou
t
o
v
er
he
ad
co
v
er
w
he
n
co
m
pa
re
d
w
ith
th
os
e
fis
h
pr
ov
id
ed
w
ith
co
v
er
( F
ig
. 7
).
A
lth
ou
gh
th
e
ha
em
at
ol
og
y
da
ta
w
er
e
n
o
t
an
al
ys
ed
fo
r
sp
ec
ie
s
di
ffe
re
nc
es
,
it
is
ap
pa
re
nt
fro
m
a
co
m
pa
ris
on
o
f
th
e
gr
ap
hs
in
Fi
gs
.
6
an
d
7
th
at
m
ar
ke
d
sp
ec
ie
s
di
ffe
re
nc
es
in
m
o
st
o
f t
he
bl
oo
d
ce
ll
ty
pe
s
di
d
o
cc
u
r
at
so
m
et
im
e
du
rin
g
th
is
st
ud
y.
W
he
th
er
th
es
e
re
pr
es
en
t
tr
ue
sp
ec
ie
s
di
ffe
re
nc
es
o
r
re
fle
ct
st
ra
in
di
ffe
re
nc
es
o
r
di
ffe
re
nc
es
in
de
ve
lo
pm
en
ta
l
ag
e
re
m
ai
ns
to
be
se
en
,
an
d
fu
rth
er
w
o
rk
in
th
is
ar
ea
is
in
di
ca
te
d.
75
p<
0.
05
SO

do
al
ly
m
pn
oc
yl
es
pr
,
 
30

20
pc
0.
00
5
1
12
J
I
A
I
s
D
IS
CU
SS
IO
N
EL
IO
N
N
TR
O
U
T
O
f
th
e
th
re
e
sp
ec
ie
s
o
f
sa
lm
on
id
fis
h
u
se
d
in
th
is
st
ud
y,
o
n
ly
th
e
A
tla
nt
ic
sa
lm
on
sh
ow
ed
an
y
m
ar
ke
d
re
sp
on
se
to
th
e
pr
es
en
ce
o
f
o
v
er
he
ad
co
v
er
.
Th
is
w
as
im
m
ed
ia
te
ly
ap
pa
re
nt
in
th
e
be
ha
vi
ou
r
o
f t
he
fis
h,
w
hi
ch
di
str
ib
ut
ed
th
em
-
se
lv
es
u
n
de
rn
ea
th
th
e
co
v
er
s
w
ith
in
2
da
ys
o
f t
he
st
ar
t
o
f
th
e
ex
pe
rim
en
t
B
y
co
m
pa
ris
on
,
juv
en
ile
sa
lm
on
in
ta
nk
s
w
ith
ou
t
co
v
er
s
te
nd
ed
to
co
n
gr
eg
at
e
o
v
er
th
e
ce
n
tr
al
pe
rfo
ra
te
d
al
um
in
iu
m
gr
ill
.
O
ve
rh
ea
d
co
v
er
m
ad
e
lit
tle
di
ffe
re
nc
e
to
th
e
di
str
ib
ut
io
n
o
f e
ith
er
sp
ec
ie
s
o
f t
ro
ut
w
hi
ch
,
ev
en
in
ta
nk
s
w
ith
ou
t
co
v
er
,
di
str
ib
ut
ed
th
em
se
lv
es
m
o
re
o
r
le
ss
ev
en
ly
to
o
cc
u
py
al
l t
he
av
ai
la
bl
e
sp
ac
e.
It
se
em
s
re
as
o
n
ab
le
to
su
pp
os
e
th
at
th
is
ch
an
ge
in
th
e
di
str
ib
ut
io
n
o
f s
al
m
on
fry
in
th
e
pr
es
en
ce
o
f o
v
er
he
ad
co
v
er
in
cr
ea
se
d
th
ei
r
fe
ed
in
g
o
pp
or
tu
ni
tie
s,
a
su
p-
po
sit
io
n
w
hi
ch
is
su
pp
or
te
d
by
th
e
m
ar
ke
d
st
im
ul
at
or
y
ef
fe
ct
o
f c
o
v
er
o
n
gr
ow
th
ra
te
.
Th
or
pe
(19
87
)
co
n
cl
ud
ed
th
at
th
e
gr
ow
th
ra
te
o
f ju
ve
nil
e
A
tla
nt
ic
sa
lm
on
,
in
sp
ec
ifi
ca
lly
de
sig
ne
d
ra
di
al
-fl
ow
ta
nk
s
w
ith
fo
od
de
liv
er
ed
to
th
e
in
co
m
in
g
w
at
er
su
pp
ly
,
is
st
ro
ng
ly
in
flu
en
ce
d
by
fe
ed
in
g
o
pp
or
tu
ni
ty
.
Th
e
pr
es
en
t
st
ud
y
ha
s
sh
ow
n
th
at
th
e
pr
ov
isi
on
o
f
sim
pl
e
flo
at
in
g
co
v
er
s
ca
n
m
ar
ke
dl
y
in
cr
ea
se
th
e
gr
ow
th
ra
te
o
f j
uv
en
ile
sa
lm
on
in
co
n
v
en
tio
na
l
ta
ng
en
tia
l-f
lo
w
ta
nk
s
in
w
hi
ch
th
e
fo
od
is
de
liv
er
ed
at
th
e
w
at
er
su
rfa
ce
.
G
ro
w
th
st
im
ul
at
io
n
w
as
ap
pa
re
nt
by
N
ov
em
be
r
o
f t
he
sa
lm
on
's
fir
st
gr
ow
in
g
se
as
o
n
in
bo
th
th
e
u
pp
er
an
d
lo
w
er
siz
e
m
o
de
s.
Th
e
u
pp
er
m
o
de
re
pr
es
en
ts
fis
h
Fi
g.
6.
Ch
an
ge
s
in
th
e
er
yt
hr
oc
yt
e
an
d
n
eu
tr
op
hi
l
co
u
n
ts
o
f
th
e
th
re
e
sp
ec
ie
s
o
f
sa
lm
on
id
fis
h
du
rin
g
th
e
co
u
m
e
o
f t
he
u
tu
dy
.
Co
nt
in
uo
us
lin
es
re
pr
es
en
t
fis
h
re
ar
ed
in
ta
nk
s
w
ith
ou
t
o
v
er
he
ad
co
v
er
,
br
ok
en
lin
es
re
pr
es
en
t
fis
h
fro
m
ta
nk
s
pr
ov
id
ed
w
ith
an
n
u
la
r
flo
at
in
g
co
v
er
s.
Ea
ch
po
in
t
re
pr
es
en
ts
th
e
ar
ith
m
et
ic
m
ea
n
±
SE
M
(n=
16
)
an
d
th
e
sig
ni
fic
an
ce
o
f
th
e
di
ffe
re
nc
e
be
tw
ee
n
m
ea
n
s
at
ea
ch
sa
m
pl
in
g
po
in
t
is
in
di
ca
te
d
(•P
<
0.
05
,
"
P
<
0.
01
).
Th
e
pr
ob
ab
ili
ty
v
al
ue
fo
r e
ac
h
gr
ap
h
is
th
e
U
ea
tm
en
t
X
tim
e
in
te
ra
ct
io
n
(de
riv
ed
fro
m
an
al
ys
is
o
f
v
ar
ia
nc
e).
40 so
_
N
W
J
IJ
I
A
1
5
1
R
A
N
IK
V
I
TH
O
JT
12
-5
A
S
M
S
a
.
a
la
a
fa
11
11
1I
IIM
S.
IS
a
S
•
la
M
S
O
M
IS
12
1
th
at
w
ill
sm
o
lti
fy
th
e
fo
llo
wi
ng
sp
rin
g
w
he
re
as
fis
h
in
th
e
lo
w
er
m
o
de
w
ill
re
-
m
a
in
in
fre
sh
w
a
te
r,
a
s
pa
rr,
fo
r
a
t
le
as
t
o
n
e
m
o
re
ye
ar
( S
im
ps
on
a
n
d
Th
or
pe
,
19
76
; T
ho
rp
e,
19
77
).
It
is
w
e
ll
kn
ow
n
th
at
ge
ne
tic
fa
ct
or
s,
st
oc
ki
ng
de
ns
ity
a
n
d
ph
ot
op
er
io
d
ca
n
ha
ve
m
a
jor
in
flu
en
ce
s
o
n
th
e
pr
op
or
tio
n
o
f
fis
h
w
ith
in
a
po
pu
la
tio
n
in
th
e
u
pp
er
si
ze
m
o
de
( R
ef
st
ie
a
n
d
Ki
tte
ls
en
,
19
76
; R
ef
st
ie
e
t a
l.,
19
77
; T
ho
rp
e,
19
77
, 1
98
7;
Th
O
rp
e
a
n
d
M
or
ga
n,
19
78
; B
ai
le
y
e
t
a
l.,
19
80
)
bu
t
in
th
e
pr
es
en
t
st
ud
y,
th
es
e
fa
ct
or
s
w
e
re
si
m
ila
r
fo
r
bo
th
tre
at
m
en
ts
.
Th
e
pr
o-
vi
si
on
o
f o
ve
rh
ea
d
co
ve
r
du
rin
g
th
e
fir
st
fe
w
m
o
n
th
s
o
f f
ee
di
ng
a
lm
os
t
do
ub
le
d
th
e
pr
op
or
tio
n
o
f
1-
ye
ar
-o
ld
sm
o
lts
,
pr
es
um
ab
ly
a
s
a
re
su
lt
o
f t
he
gr
ow
th
-p
ro
-
m
o
tin
g
e
ffe
ct
du
rin
g
th
e
cr
iti
ca
l
pe
rio
d
o
f
m
id
-la
te
su
m
m
e
r,
a
t
w
hi
ch
tim
e
th
e
ph
ys
io
lo
gi
ca
l
de
cis
io
n
to
sm
o
lti
fy
is
ta
ke
n
(T
ho
rpe
,
19
87
).
Fr
om
a
pr
ac
tic
al
po
in
t
o
f v
ie
w
, i
nc
on
ve
ni
en
ce
o
f r
e
m
o
va
l
o
f t
he
co
ve
rs
fo
r
cl
ea
ni
ng
pu
rp
os
es
w
a
s
la
rg
el
y
o
ffs
et
by
re
du
ce
d
a
lg
al
gr
ow
th
o
n
th
e
ta
nk
s
a
s
a
re
su
lt
o
f l
ig
ht
lim
ita
tio
n.
Th
e
ha
em
at
ol
og
ica
l
da
ta
su
gg
es
t
th
at
,
to
w
ar
ds
th
e
e
n
d
o
f
th
e
st
ud
y
pe
rio
d,
th
e
juv
en
ile
sa
lm
on
w
ith
ou
t
a
cc
e
ss
to
o
ve
rh
ea
d
co
ve
r
w
e
re
sh
ow
in
g
si
gn
s
o
f
a
ch
ro
ni
c
st
re
ss
re
sp
on
se
. T
hi
s
to
ok
th
e
fo
rm
o
f r
e
du
ce
d
lym
ph
oc
yt
e
a
n
d
th
ro
m
-
bo
cy
te
co
u
n
ts
,
si
m
ila
r
to
th
os
e
o
bs
er
ve
d
by
Pi
ck
er
in
g
a
n
d
Po
tti
ng
er
(19
87
b)
fo
r
br
ow
n
tro
ut
a
n
d
ra
in
bo
w
tro
ut
su
bje
cte
d
to
ch
ro
ni
c
cr
o
w
di
ng
st
re
ss
,
a
n
d
le
uc
op
en
ia
ha
s
be
en
sh
ow
n
to
be
a
ch
ar
ac
te
ris
tic
re
sp
on
se
o
f s
a
lm
on
id
fis
h
to
o
th
er
fo
rm
s
o
f s
tre
ss
(W
ein
reb
,
19
58
; M
cL
ea
y,
19
73
a,
19
75
; M
cL
ea
y
a
n
d
G
or
-
do
n,
19
77
; P
ic
ke
rin
g
e
t a
l.,
19
82
).
Th
is
re
sp
on
se
is
be
lie
ve
d
to
be
m
e
di
at
ed
,
a
t
le
as
t
in
pa
rt,
by
a
n
a
ct
iv
at
io
n
o
f
th
e
hy
po
th
al
am
ic-
pi
tu
ita
ry
-in
te
rre
na
l
a
xi
s
(M
cL
ea
y,
19
73
b;
Pi
ck
er
in
g,
19
84
; P
ic
ke
rin
g
a
n
d
Po
tti
ng
er
,
19
87
a
)
En
vi
ro
nm
en
ta
l
st
re
ss
ca
n
re
du
ce
th
e
pe
rfo
rm
an
ce
ca
pa
cit
y
o
f
th
e
fis
h
in
va
rio
us
w
a
ys
(S
ch
rec
k,
19
81
).
Co
ve
r
ha
d
n
o
si
gn
ific
an
t
e
ffe
ct
o
n
th
e
m
o
rta
lit
y
ra
te
o
f
a
n
y
sp
ec
ie
s
a
n
d
se
e
m
e
d
to
ha
ve
lit
tle
in
flu
en
ce
o
n
th
e
de
gr
ee
o
f
e
ct
o-
pa
ra
sit
ic
lo
ad
in
g
o
f t
he
fis
h.
Th
us
,
in
th
is
st
ud
y
it
w
a
s
n
o
t
po
ss
ib
le
to
co
rr
e
la
te
th
e
re
du
ce
d
w
hi
te
bl
oo
d
ce
ll
co
u
n
t
w
ith
a
n
in
cr
ea
se
d
su
sc
e
pt
ib
ilit
y
to
di
se
as
e.
H
ow
ev
er
,
a
s
di
sc
us
se
d
a
bo
ve
,
a
n
o
th
er
a
sp
ec
t
o
f t
he
fis
h'
s
pe
rfo
rm
an
ce
ca
pa
c-
ity
,
th
e
gr
ow
th
ra
te
,
w
a
s
cl
ea
rly
re
du
ce
d
in
th
os
e
fis
h
sh
ow
in
g
si
gn
s
o
f a
ch
ro
ni
c
st
re
ss
re
sp
on
se
.
Th
e
di
ffe
re
nc
e
in
re
sp
on
se
to
o
ve
rh
ea
d
co
ve
r
o
f t
he
th
re
e
sp
ec
ie
s
o
f s
a
lm
on
id
fis
h
ca
lls
fo
r
so
m
e
co
m
m
e
n
t.
Fi
rs
tly
,
St
ua
rt
(19
53
),
w
o
rk
in
g
w
ith
n
a
tu
ra
l
fis
h
po
pu
la
tio
ns
,
co
n
cl
ud
ed
th
at
"
sa
lm
on
fry
sh
ow
a
ll
th
e
si
gn
s
o
f a
gr
eg
ar
io
us
n
a
-
tu
re
a
n
d
o
n
e
m
e
rg
en
ce
fro
m
th
e
gr
av
el
re
m
a
in
si
de
by
si
de
a
n
d
he
ad
to
ta
il
in
's
ho
al
' f
or
m
at
io
n.
Th
is
ch
ar
ac
te
ris
tic
pe
rs
ist
s
th
ro
ug
ho
ut
th
e
in
iti
al
fre
sh
-w
at
er
Pi
g
7.
Ch
an
ge
s i
n
th
e
th
ro
m
bo
cy
te
e
n
d
lym
ph
oc
yt
e
co
u
n
ts
o
f t
he
th
re
e
sp
ec
ie
so
f N
al
m
on
id
fis
h
du
rin
g
th
e
co
m
a
e
o
f t
he
a
tu
dy
. C
on
tin
uo
us
lin
es
re
pr
es
en
t f
ah
re
a
re
d
in
ta
nk
s
w
ith
ou
t
o
ve
rh
ea
d
co
va
,
br
ok
en
lin
es
re
pr
es
en
t f
ish
fro
m
ta
nk
s
pr
ov
id
ed
w
ith
a
n
n
u
la
r
flo
at
in
g
co
ve
rs
. E
ac
h
po
in
t
re
pr
es
en
ts
th
e
a
rit
hm
et
ic
m
e
a
n
±
SE
M
(n
=
16
)
in
d
th
e
si
gn
ific
an
ce
o
f t
he
di
ffe
re
nc
e
be
tw
ee
n
m
e
a
n
s
a
t e
a
ch
sa
m
pl
in
g
po
in
t
I.
in
di
ca
te
d
(•,
P<
0.
05
, •
"
P
<
0.
00
1).
Th
e
pr
ob
ab
ilit
y
va
lu
e
gi
ve
n
fo
r e
a
ch
gr
ap
h
is
th
e
in
te
ra
ct
io
n
o
f t
re
at
m
en
t
w
ith
tim
e
(de
riv
ed
fro
m
a
n
a
lys
is
o
f v
a
ria
nc
e
).
12
2
ph
as
e
o
f
th
ei
r
life
hi
st
or
y
a
n
d
m
a
y
pe
rs
ist
th
ro
ug
ho
ut
th
ei
r
liv
es
"
Th
e
te
nd
-
e
n
cy
fo
r
sa
lm
on
w
ith
ou
t
co
ve
r
to
co
n
gr
eg
at
e
o
n
th
e
ce
n
tra
l
gr
ill
o
f
th
e
ta
nk
s
u
se
d
in
th
e
pr
es
en
t
st
ud
y
m
a
y
re
pr
es
en
t
a
si
m
ila
r
re
sp
on
se
.
By
co
m
pa
ris
on
,
br
ow
n
tro
ut
fry
ra
pi
dl
y
di
sp
er
se
so
th
at
"
th
er
e
is
u
su
a
lly
a
m
in
im
um
di
st
an
ce
w
ith
in
w
hi
ch
o
n
e
-
fry
w
ill
n
o
t
to
le
ra
te
a
n
o
th
er
"
(S
tua
rt,
19
53
).
H
ow
ev
er
,
St
ra
dm
ey
er
a
n
d
Th
or
pe
(19
87
),
a
ls
o
w
o
rk
in
g
o
n
a
n
a
tu
ra
l
po
pu
la
tio
n
o
f s
a
lm
on
pa
rr,
o
bs
er
ve
d
m
a
rk
ed
te
rri
to
ria
lit
y
a
n
d
a
go
ni
st
ic
be
ha
vio
ur
.
It
is
po
ss
ib
le
,
th
er
ef
or
e,
th
at
th
e
"
co
n
gr
eg
at
in
g"
be
ha
vio
ur
o
f
sa
lm
on
in
ta
nk
s
is
a
ty
pi
ca
l,
a
n
d
a
co
n
se
qu
en
ce
o
f
th
ei
r
co
n
fin
em
en
t
(J.
E.
Th
or
pe
,
pe
rs
on
al
co
m
m
u
n
ic
a-
tio
n,
19
86
).
Se
co
nd
ly,
sa
lm
on
id
fis
h
ca
n
sh
ow
m
a
rk
ed
sp
ec
ie
s
di
ffe
re
nc
es
in
th
ei
r
re
sp
on
se
to
lig
ht
(H
oa
r
e
t a
l.,
19
57
) a
n
d
to
th
e
su
bs
tra
tu
m
.
Th
or
pe
(19
81
)
fo
un
d
th
at
yo
un
g
At
la
nt
ic
sa
lm
on
sh
ow
a
pr
ef
er
en
ce
fo
r
re
st
in
g
o
n
a
n
o
n
-
re
fle
ct
in
g
da
rk
su
rfa
ce
a
n
d
a
lth
ou
gh
th
e
ta
nk
s
u
se
d
in
o
u
r
st
ud
y
w
e
re
u
n
i-
fo
rm
ly
gr
ey
, t
he
sa
lm
on
sh
ow
ed
a
pr
ef
er
en
ce
fo
r
th
e
da
rk
a
re
a
s
u
n
de
rn
ea
th
th
e
co
ve
rs
.
O
n
th
e
o
th
er
ha
nd
,
yo
un
g
ra
in
bo
w
tro
ut
do
n
o
t
sh
ow
pr
ef
er
en
ce
fo
r
a
da
rk
ba
ck
gr
ou
nd
u
n
til
th
ey
a
re
a
pp
ro
xim
at
el
y
1
ye
ar
o
ld
( K
w
ai
n
a
n
d
M
ac
-
Cr
im
m
on
,
19
69
).
Th
e
u
n
de
ry
ea
rli
ng
ra
in
bo
w
tro
ut
u
se
d
in
th
e
pr
es
en
t
st
ud
y
di
st
rib
ut
ed
th
em
se
lv
es
th
ro
ug
ho
ut
th
e
gr
ey
fib
re
gl
as
s
ta
nk
,
e
ve
n
in
th
e
a
bs
en
ce
o
f o
ve
rh
ea
d
co
ve
r
a
n
d
a
si
m
ila
r
di
st
rib
ut
io
n
o
f
fis
h
o
cc
u
rr
e
d
in
th
e
ta
nk
s
co
n
-
ta
in
in
g
u
n
de
ry
ea
rli
ng
br
ow
n
tro
ut
.
Th
ird
ly,
juv
en
ile
sa
lm
on
a
re
kn
ow
n
to
e
s-
ta
bl
ish
a
n
d
m
a
in
ta
in
a
bo
tto
m
-fe
ed
in
g
po
st
ur
e
w
ith
o
n
ly
m
in
im
al
e
xc
u
rs
io
ns
in
to
m
id
-w
at
er
( K
al
le
be
rg
,
19
58
) w
he
re
as
br
ow
n
tro
ut
fry
sw
im
m
o
re
a
ct
iv
el
y,
m
a
in
ta
in
in
g
st
at
io
n
in
m
id
-w
at
er
(S
tua
rt,
19
53
).
Yo
un
g
ra
in
bo
w
tro
ut
a
ls
o
'
o
cc
u
py
m
id
-w
at
er
fe
ed
in
g
st
at
io
ns
(N
ew
ma
n,
19
56
) a
n
d,
th
er
ef
or
e,
th
e
u
sa
bl
e
fe
ed
in
g
sp
ac
e
w
ith
in
th
e
e
xp
er
im
en
ta
l
ta
nk
s
is
po
te
nt
ia
lly
gr
ea
te
r
fo
r
bo
th
tro
ut
sp
ec
ie
s
th
an
fo
r
th
e
sa
lm
on
.
Th
e
n
e
t
re
su
lt
o
f
th
es
e
th
re
e
fa
ct
or
s
is
th
at
br
ow
n
tro
ut
a
n
d
ra
in
bo
w
tro
ut
w
ill
o
cc
u
py
a
ll
th
e
po
te
nt
ia
l
fe
ed
in
g
si
te
s
in
th
e
ty
pe
o
f
re
a
rin
g
ta
nk
u
se
d
in
th
is
st
ud
y,
w
he
re
as
juv
en
ile
sa
lm
on
a
pp
ea
r
to
re
qu
ire
o
ve
rh
ea
d
co
ve
r
if
th
ey
a
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degree
of
sexu
al
m
aturity
of
the
fish
affected
the
st.th•s
response.
These
experi-
m
ents
have
been
co
nducted
u
sing
m
ale
trout
in
their
seco
nd
yeas,
so
m
e
of
w
hich
m
atured
•
•
2-year
old
fish,
w
hile
other,
did
m
t.
all
of
the
experim
ents
involved
subjectirg
the
fish
to
111
of
acute
m
asa,
after
w
hich
the
fish
w
ere
blood
sam
pled
and
the
plasm
a
ssayed
subsequently
for
tort:soh
The
degree
of
sexu
al
m
aturity
of
each
fish
w
as
reco
rded,
so
that
the
response
of
im
m
atur•
m
ales
co
uld
be
co
m
pared
to
that
of
m
aturing
o
r
m
ature
m
ales.
Cultured
o
varian
follicles
secreted
lip-
cestsadlol
Into
the
m
edium
.
M
Th
had
n
o
effect
o
n
the
am
o
u
nt
of
17ft-oestradlol
secreted,
w
hereas
co
rtisol
alone,
o
r
in
o
ce-
bthatton
w
ith
ACTH,
•lgnificantly
depressed
the
basal
{aeration
rats
(rig.
2).
C771
M
ani-
!Scantly
increased
1h5-thstradiol
secretion.
This
enhanced
secr•tory
rata
w
as
n
ot
•ffected
by
ACM
,
but
w
as
depressed
by
co
st/eel
(F40.05).
•thhough
n
ot
by
•
co
m
bination
of
A
nn
end
co
rtisol
(Pig.
2).
PC
0-05
co
m
pared
lo
G
IN
•
•
PC
0-01
co
m
o
o
rvd
to
Tedium
2
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Figure
2.
The
effects
of
ACM
,
co
rtisol,
and


gonadotrophth,
alone
o
r
in
co
m
bination,
o
n


the
secretion
of
17/1-oestratliol
from
cultured


o
varian
follicles.All
Pom
m
es
w
ere
tested


t
•
co
m
entratio2
of
100
nilel.
R
esults
are


expressed
as
em
an
-SEPI
of
•th
replicates.
60



R
eproductive
liatUrity
had
•
pro-Jounced


affect
o
n
the
stress
resprese.Ln
three


separate
em
poria:Its,
tho
w
ith
brow
n
trout


and
o
n
e
w
ith
rainbow
trout,
the
m
aturing
o
r
aC


aatUr•
m
ales
show
ed
•
significantly
refuted
30


o
o
rtisol
reopen
to
stress
co
m
pared
to
the
D
i


lature
fish
(Table
D
.


Table
1.Effem
of
reprodartive
developm
ent
o
n


the
response
of
trout
to
en
w
irom
m
ental
strove
0
Se


Cortisol(m/m1)*Significance


HO
URS


m
ature
Pastore


Figure
1.The
effects
of
1
hoer
handlisg
and
co
nfinem
ent
stress
(0
to
1
hour)
o
n
the
grow
n11.43.657.71'10.0•
4
0.01)1
trout(owe)(nett)
plasm
a
levels
testosterone,
sex/sally
of
co
rthsol,
gonadotrophin.
end
11--ketotsethetarm
e
ln
M
atram
ale
brow
n
trout.
The
open
•
B
row
n)4.31.5.7131.4t5.1F
f
0.001
trout(nall)(rn36)
circles
(0)
fish
and
stressed
represent
u
n
stressed,
co
ntsol
the
closed
circles
le)
represent
f
ish.
R
ainbow
31.2=3.149.014.1P
<0.05
troutW
ell/(sell)
en
sam
e
co
rtlsol
levels
after
11,
of
acute
stress.
See
M
ethods
for
further
details.
Discussion


R
oth
acute
and
chronic
co
nfinem
ent
stre•s
cau
sed
•
m
atted
suppression
of
the
erecen
-
cream
of
circulating
androgens,
w
ith
testosterone
levels
being
suppressed
so
re
m
arkedly
than
11-br0thstosterone
levels.
O
n
the
other
hand,
plans
o
rg
levels
w
ere
ignificantly
elevated
for
at
least
4
hours
follow
ing
acute
•tress.
The
sim
ultaneous
elevation
of
plasm
a
gonadotrocein
and
suppression
of
testosterone
levels
has
also
bean
observed
in
m
am
m
als
subjected
to
•cute
tres•,
though
gonadotrophth
levels
decline
ultim
ately
If
the
•treth
is
prolonged.
Unfortunately
w
e
did
n
ot
determ
ine
the
Crs
levels
in
the
chronically-stre•sed
trout
to
know
if
they
had
depressed
G
ib,
as
w
ell
as
androren.
levels.
If
it
Is
the
elevation
of
stress
horm
ones
m
e
m
end
co
rtlsoll
that
leads
to
•uppression
of
the
reproductive
horm
ones,
the
form
er
co
uld
be
acting
directly
o
n
the
gonads,
o
r
at
higher
centre,
su
ch
as
the
pituitary
and/
o
r
hypothalam
um
.
O
ur
prelim
inary
results
suggest
that
co
rtisol
can
directly
inhibit
the
basal
secretion
of
1713-oestradiol
from
cultured
follicles.
The
dose
of
co
rtlsol
tasted
(LOO
regol)
is
w
ell
w
ithin
the
physiological
n
age.
In
co
ntrast,
Acre
•c
too
ng/o/,
•
doee
w
ell
above
the
physiologi-
cal
range,
did
n
ot
affect
the
basal
secretion
rata
of
17p-oestrallol.
The
presence
of
co
rtisal
m
ay
also
reduce
the
enhanced
1705-
o
estradiol
secretion
produced
by
CIE.
lthough
the
results
w
ere
n
ot
u
n
equivocal.
In
m
am
m
als
co
rtleol
can
act
directly
o
n
both
the
testis
eid
o
vary.
Further,
the
action
of
co
rtisol
is
selective,
for
exam
ple,
glum
ontficolds
inhibit
PM
-stim
ulated
secretion
of
o
e•thrgee,
but
augm
ent
the
M
U-
stim
ulated
secretion
of
progesterone
(Ilseuh
and
Erickson,
10713).
R
eceptors
for
a
w
n
are
Isa
present
in
the
gonads
of
n
am
ath,
but
the
action
of
this
peptide.on
steroid:genesis
is
u
n
clear
presently.
A
lthough
o
u
r
results
suggest
that
direct
glococorticold
inhibition
co
u/d
be
•
factor
la
the
stress-induced
suppression
of
plum
s
androsea
Levels
w
e
observed,
w
e
can
n
ot
yet
assess
the
im
portance
of
this
m
erhenisa.
D
etailed
investigetions
are
sm
en
seery
en
ths
effecte
of
ACT,
and
eartieol
ea
both
basal
and
4111-stim
alated
sem
etim
e
of
the
carious
stem
ids
(oestrogens,
androgens.
M
ogesterom
o)
from
different-sized
follicles.
The
direct
effecta
of
stress
hom
onee
o
n
the
secretion
of
sax
steroids
from
the
testes
also
requires
investigation.
besides
dem
om
trating
that
stress
affects
!be
reproductive
axis
of
trout,
w
e
have
also
slim
e
that
the
reproductive
co
ndition
of
the
fish
cam
affect
N
ate
response
to
stress.
Sexuelly
m
aturing
o
r
m
ature
sale
trout
had
low
er
w
arthog
levels
after
111
of
am
te
R
•sults
acute
stress
cau
sed
•
m
arked
•tioulation
of
the
hypothalealc-pituitary-lnterrenal
(101)
axial
acre
and
co
rtlsol
levels
had
risen
from
bas•1
levels
of
50
puha
and
13
ng/al,
respectiv•ly,
to
120
rg/m
1
and
70
n
o/
l
at
the
end
of
the
III
co
nfinem
ent
(P(0.01
in
both
cases).
Upon
r•turn
to
their
large
tanks
the
ACIII
level
fell
rapidly
to
that
of
the
co
ntrol
fish,
and
rem
ained
there
for
the
folim
ing
48
hours.
Cottle:11
levels
took
longer
to
return
to
u
n
stressed
values,
they
w
are
still
elevated
after
B
hours,
but
w
ere
back
to
basal
by
24
hours
(fig.
1).
This
expected
•tim
lation
of
the
B
PI
axis
w
as
so
m
m
thied
by
•
oppression
Ls
plasm
a
androgens.
Teetoeterone
levels
w
ere
significantly
deptessed.
co
m
psred
to
the
u
n
stressed
fish,
after
111
of
co
nflam
ent
(K0.01),
and
resselned
depressed
for
at
least
8h,
before
returning
to
the
u
n
stressed
level.
Plasm
a
11-ketotestosterons
levels
w
ere
also
significantly
depressed,
capered
to
the
catrol
fish,
but
o
nly
at
the
all
sapling
point
(N0.05).
Plasm
a
G
TE
levels
w
ere
high
et
the
beginning
of
the
experim
ent,
because
the
fish
w
ere
fully
m
ature.
The
11a
of
•cuta
tres•
cau
sed
a
significant
increase
la
the
blcod
G
T.
level,
Ira
2
to
4
sq/el
(1140.051.
This
elevated
level
w
as
m
aintained
for
•
further
3
boars
at
Last,
but
bad
fallen
back
to
the
level
in
toustreesed,
=SUM
fish
by
13
hours
(Fig.
U.
Claronically-confthed
trout
did
m
ot
accli-
m
ate
fully
to
the
o
o
rditions,
ead
even
after
m
e
m
o
nth
they
still
bad
significeatly
levated
plasm
cartlacl
levels
(14
ag/al)
paw
ed
be
the
m
streesed
fish
12
eg/ed.).
Ihe
streseed
fish
also
fed
sigailicantly
depressed
piton
testosterone
(1110.05)
thd
11-ketotestoeterone
(K0.05)
levels
after
1
m
o
nth
of
chronic
co
nfiaset.
R
s
observed
in
the
experim
ent
assessirq
the
effects
of
acuth
stress,
this
suppression
of
plasm
a
androgens
w
as
w
o
re
pronounced
for
testosterone
(550%)
than
for
11-ketotastaeterone
(-25%)
4
the
testosterone
and
11-ketotestostarces
levels
lam
"
10
and
SO
041/m
l,
respectively,
la
the
u
n
stressed
trout,
aad
S
ard
35
ag/el
the
co
nfined
trout.
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Tbe
o
verw
inter
m
o
rtality
rate
of
u
nderyearling
52
A
tlantic
salm
on
parr(fish
that
w
ill
rem
ain
in
fresh
w
aterfor
atleasttw
o
yearsprior
to
sm
oltification)
w
as
alm
ostten
tim
es
greater
than
that
of
51
panlfish
that
w
ill
srn
oltify
after
Iyearin
fresh
w
ater)kept
u
ndersim
ilarconditions.
The
lossof
co
ndition(K
factor)
of
the52
parr
w
as
proponionally
greaterthan
that
ofSI
parrduring
the
early
w
inter
m
o
nths
and
this
coincided
w
ith
a
m
arked
lym
phocytopenia
and
throm
bocytopenia
in
the
52
parr.
Lim
ited
evidence
indicates
that
52
parr
have
chronically
elevated
blood
co
rtisol
levels
during
the
w
inter
m
o
oths.
It
is
suggestedthat
chronic
stressresulting(in
part)
from
n
utritional
deficiency
has
a
debilitating
effect
o
n
the
defence
system
s
of
these
fish.
The
ultim
ate
cau
se
of
m
o
rtality
in
m
o
u
cases
w
asbactdrialfin-rot
and/or
fungal(Saprolegnia)infection.These
findings
are
discussedin
relation
to
the
habitat
requirem
ents
of
o
verw
intering
salm
onid
fish.
I.
IN
TRO
DUCTIO
N
Com
pensatory
m
o
rtality
in
thejuvenile
(rather
than
adult)
stagesis
a
m
ajor
factor
in
the
regulation
of
fish
population
size(Ricker,
1954).Thus,
a
n
u
nderstanding
of
the
m
e
chanism
s
re
sponsible
forjuvenile
m
o
rtality
is
fundam
ental
to
a
ny
study
of
fish
population
dynam
ics
a
nd
the
subsequent
im
plem
entation
of
m
a
n
agem
ent
policies.
In
general,populations
ofjuvenile
salm
onids
a
re
characterized
by
a
high,
initially
density-dependent,
m
o
rtality
during
the
first
3
m
o
nths
post-hatching
followed
by
a
persistent,
but
low
er,
m
o
rtality
rate
for
the
re
st
of
the
year(Lana,
1962;M
ortensen,
1977;Egglishaw
&
Shackley,
1977,1980;G
ee
et
at,
1978a,b)
although
so
m
e
e
xceptions
to
this
pattern
of
m
o
rtality
do
e
xist(Elliott,
1987).Little
is
know
n
about
the
e
xa
ct
ca
u
se
s
of
death
although
M
ason
&
Chapm
an
(1965),
H
unt(1969)
a
nd
G
ee
et
al.(1978b)
have
all
suggested
that
'physiological
stress
'
m
ight
be
a
co
ntributing
factor.
D
uring
the
w
inter
m
o
nths,
the
growth
of
u
nderyearling
salm
onid
fishes
slow
s
down
o
r
e
ve
n
ce
a
se
s(Egglishaw
&
Shackley,
1977;Thorpe,
1987)
a
nd
the
fish
depend
heavily
upon
e
n
e
rgy
stores
laid
down
during
the
previous
growing
se
a
so
n
.
Under
n
atural
co
nditions,
larger
fish
have
a
greater
su
rvival
capability
than
sm
aller
fish
during
these
w
inter
m
o
nths
(Hunt,
1969;Peterson,
1982)
a
nd
it
has
been
show
n
injuvenile
Atlantic
salm
on,
Salm
o
salar,that
o
ve
rw
inter
m
o
rtality
is
a
sso
ciated
w
ith
a
depletion
of
the
fish's
e
n
e
rgy
stores(Gardiner
&
G
eddes,
1980).
M
oreover,
G
ardiner
&G
eddes
also
dem
onstrated
that
larger
individuals
had
pro-
portionally
less
w
ater
(i.e.,
proportionally
greater
e
n
e
rgy
re
se
rve
s)
than
sm
aller
fish.
A
sim
ilar
size
difference
in
o
ve
rw
inter
m
o
rtality
of
u
nderyearling
Atlantic
salm
on
hasbeen
reported
for
hatchery-reared
fish(Lindroth,
1965),a
difference
in
m
o
rtality
rate
that
w
a
s
largely
density-independent.
Interestingly,
Lindroth
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show
ed
that
it
w
a
s
the
size
position
w
ithin
the
year
class,
a
nd
n
ot
size
per
se
,
that
determ
ined
first
w
inter
m
o
rtality.
It
is
n
o
w
know
n
that
m
u
ch
of
the
size
va
riation
of
u
nderyearling
Atlantic
salm
on
al
the
e
nd
of
the
su
m
m
e
r
growing
se
a
so
n
is
related
to
a
bim
odal
distribution
of
potential
SI
a
nd
S2
sm
olts
(Knutsson
&G
ray,
1976;Thorpe,
1977).
This
raises
the
possibility
that
the
w
inter
su
rvival
ofpotential
SI
sm
olts
(fish
that
w
ill
sm
oltify
at
1year
old)
is
greater
than
that
of
potential
S2
sm
olts
(fish
that
w
ill
re
m
ain
in
fresh
w
ater
for
atleast2
years
before
sm
oltifying).
The
present
study
investigates
the
o
ve
rw
inter
m
o
rtality
rates
of
segregated
populations
of
potential
SI
a
nd
S2
Atlantic
salm
on
sm
olts
(from
here
o
n
referred
to
a
s
SI
a
nd
S2
parr).
In
a
n
attem
pt
to
a
sse
ssthe
degree
of
stress
e
xperienced
by
these
fish
during
the
w
inter
m
o
nths,
differential
blood
cell
co
u
nts
w
e
re
also
m
ade.
O
ur
previous
studies
w
ith
salm
onid
fish
have
show
n
that
periods
of
chronic
stress
a
nd
periods
of
increased
m
o
rtality
a
re
frequently
a
sso
ciated
w
ith
elevated
blood
co
rtisol
levels
a
nd/or
a
reduction
in
the
n
u
m
ber
of
circulating
w
hite
blood
cells,
particularly
the
lym
phocytes
(Pickering
&
Pottinger,
1985,I987a,
b).
H
.
M
ATER
IALS
AN
D
M
ETHO
DS
FISHFreshly
fertilized
eggs
from
w
ild
Atlantic
salm
on
taken
o
n
thcir
spawning
m
igration
in
the
R
iver
Lune,
Lancashire
w
e
re
kindly
provided
by
the
N
orth
W
est
W
ater
Authority
in
D
ecem
ber
1985.Theeggswereincubated
in
a
H
eath
incubator
at
the
Freshw
ater
Biological
Association's
hatchery
a
nd
alevins
w
e
re
transferred
to
fish-rearing
troughs.until
the
yolk
sa
c
w
a
s
fully
re
so
rbed
a
nd
the
fish
w
e
re
a
ctively
feeding
o
n
BP
N
utrition
'M
ainstream
'
pellets
(size
00).
The
re
sultant
fry
w
e
re
then
transferred
to
large
(2
m
dia.),
o
utdoor,
fibre-
glass
tanks
e
a
ch
supplied
w
ith
a
co
n
sta
ntflow
of
W
inderm
ere
lake
w
atcr
(351
m
in
').
The
young
salm
on
w
e
re
fed
w
ith
co
m
m
e
rcial
salm
on
food
at
the
rates
re
co
m
m
e
nded
by
the
m
a
n
ufacturers
a
nd
grown
o
n
u
ntil
N
ovem
ber
1986(the
e
nd
of
the
first
growing
se
a
so
n).
At
this
point
all
the
fish
w
e
re
lightly
a
n
a
e
sthetized
in
phenoxyethanol
(0.5
m
11-
')
a
nd
m
e
a
su
red
(fork
length)
to
the
n
e
a
re
st
0.5cm
.
The
length/frequency
data
re
ve
aled
a
clear
bim
odal
distribution
(Fig.
1)a
nd
the
population
w
a
s
segregated
into
fish
longer
than
8.5
cm
(SI
parr)
a
nd
fish
shorter
than
7
cm
(52
parr).
These
tw
o
groups
of
fish
w
e
re
then
u
scd
for
the
subsequent
study
o
n
haem
atology
a
nd
o
ve
rw
inter
m
o
rtality.
EXPER
IM
EN
TAL
D
ESIG
N
Tw
elve
large,
o
utdoor,
fibreglass
tanks
w
e
re
ra
ndom
ly
allocated
to
re
ceive
a
total
of
1800
u
nderyearling
salm
on
so
that
six
tanks
e
a
ch
co
ntained
150
SI
parr
a
nd
six
tanks
e
a
ch
co
ntained
150
52
parr.
The
fish
w
e
re
left
for
a
period
of
2
w
e
eks
to
re
co
ve
r
from
the
effects
of
handling
(Pickering
et
at,
1982)
a
nd
w
e
re
then
sa
m
pled
o
n
a
m
o
nthly
basis
from
D
ecem
ber
1986
to
M
arch
1987.
Throughout
this
period
the
young
salm
on
w
e
re
fed
at
the
rates
re
co
m
m
e
nded
by
the
food
m
a
n
ufacturers
(exact
rate
dependent
upon
w
ater
tem
pera-
ture;
se
e
Fig.
2(a))
a
nd
the
tanks
w
e
re
cleaned
o
n
a
fortnightly
basis
w
ith
the
fish
in
situ.
D
ead
o
r
m
o
ribund
fish
w
e
re
re
m
o
ved
daily
a
nd
cu
m
ulative
w
e
ekly
m
o
rtality
rates
(corrected
for
sa
m
pling
losses)
w
e
re
calculated.
At
e
a
ch
sa
m
pling
tim
e
six
fish
tank
w
e
re
a
n
a
e
sthetized
in
phenoxyahana
w
eighed,
m
e
a
su
red
a
nd
e
xa
m
ined
for
gross
signs
ofdisease.
Blood
sa
m
ples
w
e
re
taken
by
se
ctioning
the
ca
udal
peduncle
a
nd
collecting
the
blood
in
heparinized
capillary
tubes.
Aliquots
of
5
piblood
w
e
re
diluted
in
trout
R
inger
solution
(final
dilution
1:40
000),
fixed
w
ith
Lugol's
iodine,
a
nd
sedim
ental
in
polypropylene
tubes
m
o
u
nted
o
n
glass
m
icroscope
slides.
Total
blood
cell
co
u
nts
w
e
re
m
ade
o
n
the
sedim
ented
blood
sa
m
ples,
u
sing
a
n
inverted
m
icro-
scope,
a
nd
differential
co
u
nts
w
e
re
m
ade
from
air-dried,
m
ethanol-fixed,
stained
(haematoxylin
a
nd
e
o
sin)
blood
sm
e
a
rs.
Absolute
co
n
ce
ntrations
of
e
rythrocytes,
n
e
utro-
phits,
throm
bocyta,
a
nd
lym
phocytes
w
e
re
calculated
from
the
total
a
nd
differential
blood
cell
co
u
nts.
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te
rt
ha
n
th
at
o
f
th
e
SI
pa
rr
du
rin
g
th
e
w
in
te
r
m
o
n
th
s.
Th
e
m
ea
n
in
st
an
ta
ne
ou
sd
ai
ly
m
o
rt
al
ity
ra
te
(Z
—
—
lo
ge
N
„
w
he
re
N
T
an
d
N
,a
re
th
e
n
u
m
be
rs
o
f
fis
h
at
tim
es
T
an
d
I
—
T
re
sp
ec
tiv
el
y)o
f
th
e
S2
pa
rr
(0.
00
06
8)
w
as
al
m
os
tt
en
tim
es
gr
ea
te
rt
ha
n
th
at
o
ft
he
SI
pa
rr
(0-
00
00
85
).
Ex
am
in
at
io
n
o
f
th
e
de
ad
an
d
m
o
rib
un
d
fis
h
re
ve
al
ed
a
hi
gh
in
ci
de
nc
eo
ff
in
-ro
t
w
ith
o
cc
as
io
na
lS
ap
ro
le
gn
iain
fe
ct
io
n.
G
RO
W
TH
Th
ec
ha
ng
es
in
w
ei
gh
t,
le
ng
th
an
d
co
ef
fic
ie
nt
o
fc
o
n
di
tio
n
o
ft
he
SI
an
d
S2
pa
rr
du
rin
gt
he
w
in
te
r
m
o
n
th
s
ar
e
pr
es
en
te
din
Fi
g.
3.
Th
e
m
ea
n
w
ei
gh
ta
n
d
le
ng
th
o
fS
I
pa
rr
in
cr
ea
se
d
fro
m
8.
5
to
H
g
an
d
fro
m
9.
5
to
10
-2
cm
,
re
sp
ec
tiv
el
y.
D
ur
in
g
th
e
sa
m
e
pe
ri
od
,th
e
52
pa
rr
in
cr
ea
se
di
n
w
ei
gh
tf
ro
m
1-
4
to
1.
9
g
an
d
in
le
ng
th
fro
m
5.
5
to
6-
0
cm
.
D
es
pi
te
th
e
o
ve
ra
ll
si
ze
di
ffe
re
nc
eb
et
w
ee
n
th
e
SI
an
d
S2
pa
rr
,i
tw
as
n
o
t
po
ss
ib
le
to
de
m
on
st
ra
te
an
y
si
gn
ifi
ca
nt
di
ffe
re
nc
es
in
th
e
ra
te
so
fi
nc
re
as
ei
n
w
ei
gh
t
an
d
le
ng
th
.
H
ow
ev
er
,
ch
an
ge
s
in
th
e
co
ef
fic
ie
nt
o
f
co
n
di
tio
n
w
er
e
si
gn
ifi
ca
nt
ly
di
ffe
re
nt
be
tw
ee
n
th
e
tw
o
gr
ou
ps
o
ff
is
h(
gr
ou
p
x
tim
e
in
te
ra
ct
io
n
P
<
0-
00
0.
52
pa
rr
ha
d
a
lo
w
er
K
fa
ct
or
th
ro
ug
ho
ut
th
e
st
ud
y
an
d
th
e
de
cr
ea
se
in
co
n
di
tio
n
o
f
th
es
e
fis
h
du
rin
g
D
ec
em
be
r
an
d
Ja
nu
ar
y
(th
e
pe
rio
d
o
f
de
cr
ea
si
ng
w
at
er
te
m
pe
ra
tu
re
(F
ig.
2(a
)))
w
as
m
u
ch
gr
ea
te
rt
ha
n
in
th
e
SI
pa
rr
(F
ig.
3(c
)).
H
A
EM
A
TO
LO
G
Y
Ch
an
ge
si
n
th
e
Co
ur
m
ajo
r
bl
oo
d
ce
llt
yp
es
o
f
SI
an
d
52
pa
rr
ar
e
pr
es
en
te
di
n
Fi
g.
4.
In
bo
th
gr
ou
ps
o
f
fis
h
th
e
co
n
ce
n
tr
at
io
n
o
f
ci
rc
ul
at
in
g
er
yt
hr
oc
yt
es
de
cl
in
ed
si
gn
ifi
ca
nt
ly
du
rin
g
th
e
co
u
rs
e
o
f
th
e
in
ve
st
ig
at
io
n
(P
<
0-
00
1).
A
t
ea
ch
sa
m
pl
in
g
tim
e
th
e
m
ea
n
er
yt
hr
oc
yt
e
co
u
n
t
o
f
th
e
S2
pa
rr
w
as
lo
w
er
th
an
th
at
o
f
th
e
SI
pa
rr
(F
ig.
4(a
))
al
th
ou
gh
th
es
e
di
ffe
re
nc
es
w
er
e
n
o
t
la
rg
e
en
o
u
gh
to
pe
rm
it
th
e
de
m
on
-
st
ra
tio
n
o
f
a
si
gn
ifi
ca
nt
di
ffe
re
nc
ei
n
er
yt
hr
oc
yt
e
n
u
m
be
rs
be
tw
ee
n
th
e
tw
o
gr
ou
ps
.
Th
e
m
ea
n
n
eu
tr
op
hi
l
co
u
n
t
o
f
th
e
S2
pa
rr
w
as
al
w
ay
s
gr
ea
te
r
th
an
th
at
o
f
th
e
to a 6
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FIG
.3.
Changes
in
w
eight(a),
length
(b).•nd
co
efficient
of
co
ndition
(c)
of
SI
parr
)
a
nd
57
parr
(-
-
-)
during
the
w
inter
m
o
nths.
Each
point
is
the
a
rithm
etic
m
e
a
n;
ve
nial
lines
represent
±
Saa
(n.36).
Inm
ost
ca
se
sthe
am
.
is
too
sm
all
to
bedepicted
graphically.
SI
parr
(Fig.
4(b))
but
the
high
va
riability
of
these
data
again
prevented
the
dem
onstration
of
a
significant
difference
between
the
tw
o
groups.
By
co
ntrast,
both
the
throm
bocyte
a
nd
lym
phocyte
co
n
ce
ntrations
in
the
circu-
lating
blood
show
od
m
a
rked
a
nd
highly
significant
group
x
tim
e
interactions
(Pc
0-005
a
nd
0.001,
re
spectively).
Throm
bocyte
a
nd
lym
phocyte
co
u
nts
in
the
SI
parr
w
e
re
significantly
greater
than
in
the
52
parr
during
D
ecem
ber
a
nd
January
(Fig.
4(c),(d))
but
by
the
e
nd
of
February
these
differences
had
disappeared.
Thus,in
D
ecem
ber
1986the
m
e
a
n
blood
throm
bocyte
co
u
nt
ofS
Iparr
w
a
s
15673
cells
pl
-I
co
m
pared
w
ith
10668
cells
-
I
for
the
S2
parr.
By
M
arch
1987
the
m
e
a
n
throm
bocyte
co
u
nts
for
SI
a
nd
S2
parr
w
e
re
16841
a
nd
16763
cells
ill
-
I,
re
spectively.
Sim
ilarly,
the
m
e
a
n
lym
phocyte
co
u
nt
ofSI
parr
at
the
start
of
the
investigation
w
a
s27462
cells
Al
Ico
m
pared
w
ith
16688
cells
ttl
-
Ifor
the
52
parr,
but
by
the
e
nd
of
the
study
the
lym
phocyte
co
u
nts
w
e
re
22
674
a
nd
25
136
cells
gl-
I,
re
spectively.
In
both
the
SI
a
nd
52
parr,
the
lym
phocyte
co
u
nts
decreased
significantly
during
D
ecem
ber
a
nd
January,
stabilized
during
February
a
nd
started
to
increase
during
M
arch
(Fig.
4(d))
thus
paralleling,
to
a
large
degree,the
changes
in
w
ater
tem
perature
(Fig.
2(a)).
A.
D
.
PICKERING
AN
D
T.
G
.
PO
TT1NG
ER
(01
II.-
-
-
-
-
-
It
D
ec
Jan
Feb
M
arch
Fm
.
4.
Changes
in
the
co
n
centration
of
cim
ulating
erythrocyte'(a).
n
eutrophil
(b).
throm
bocytes(e).
and
lym
phocytes(d)
o( SI
pam
(—
)
and
52
parr(-
-
-)
during
the
w
inte
m
o
nths.
Each
point
is
the
arithm
etic
m
ean;
verticallina
represent±
in..
(n.36).
IV.
D
ISCUSSIO
N
The
present
investigation
has
show
n
that
the
w
inter
m
o
rtality
rate
of52
salm
on
parr(mean
w
eight
1-6g)
is
approxim
ately
ten
tim
es
greater
than
that
of
SI
parr
(mean
w
eight
9-7
g)kept
u
nder
sim
ilar
co
nditions.
The
initial
stocking
density
w
a
s
identical
for
both
groups
offish,thus
supporting
the
co
n
clusion
of
Lind
roth
(1965)
that
o
ve
rw
inter
m
o
rtality
in
hatchery-reared
Atlantic
salm
on
is
largely
density-
independent.
Previous
studies
o
n
n
atural
populations
of
salm
onids
have
show
n
that
o
ve
rw
inter
su
rvival
is
size-dependent(Hunt,
1969;Peterson,
1982)w
ith
larger
fish
having
a
greater
su
rvival
rate
than
sm
aller
fish.
Little
is
know
n
about
the
m
e
chanism
s
re
sponsible
for
this
differential
su
rvival,
although
Peterson
(1982)
suggested
that
a
vian
predation
w
a
s
probably
the
m
ain
ca
u
se
of
m
o
rtality
in
o
ve
r-
w
intering
populations
ofjuvenile
coho
salm
on,
O
ncorhynehus
kauteh.
H
ow
ever,
H
unt
(1969),
w
o
rking
w
ith
the
brook
trout,
Salvelinus
fontinalis,
co
n
sidered
that
cl
(O
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0
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M
N
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M
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PE
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A
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LM
O
N
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$
pr
ed
at
io
n
w
a
s
n
o
t
a
m
a
jor
fa
ct
or
a
n
d
su
gg
es
te
d
th
at
si
ze
co
u
ld
ha
ve
in
flu
en
ce
d
o
ve
rw
in
te
r
su
rv
iv
al
by
'
m
o
di
fy
in
g
th
re
sh
ol
ds
a
t w
hi
ch
ph
ys
io
lo
gi
ca
l
st
re
ss
es
w
e
re
e
ith
er
fa
ta
l
o
r
di
re
ct
ly
co
n
tri
bu
to
ry
to
o
th
er
ca
u
se
s
o
f
n
a
tu
ra
l
m
o
rta
lit
y
'.
In
th
e
pr
es
en
t
in
ve
st
ig
at
io
n
o
n
ha
tc
he
ry
-re
ar
ed
At
la
nt
ic
sa
lm
on
,
pr
ed
at
io
n
w
a
s
n
o
t
re
sp
on
sib
le
fo
r
th
e
o
ve
rw
in
te
r
m
o
rta
lit
y,
bu
t s
e
ve
ra
l p
ie
ce
s o
f e
vi
de
nc
e
su
gg
es
t t
ha
t
th
e
gr
ou
p
o
f
fis
h
w
ith
th
e
gr
ea
te
st
m
o
rta
lit
y
ra
te
(S
2
pa
rr)
w
e
re
su
ffe
rin
g
fro
m
ch
ro
ni
c
st
re
ss
(se
e b
el
ow
).
Th
e
gr
ow
th
ra
te
w
a
s
e
xt
re
m
el
y
lo
w
in
bo
th
SI
a
n
d
52
pa
rr
du
rin
g
th
e
w
in
te
r
m
o
n
th
s
(
0.
35
%
da
y
) a
n
d
th
e
co
e
ffi
cie
nt
o
f c
o
n
di
tio
n
de
cr
ea
se
d
si
gn
ific
an
tly
in
bo
th
gr
ou
ps
o
f f
ish
du
rin
g
D
ec
em
be
r-J
an
ua
ry
bu
t r
e
co
ve
re
d
du
rin
g
Fe
br
ua
ry
a
n
d
M
ar
ch
.
A
di
re
ct
co
m
pa
ris
on
o
f
th
e
K
fa
ct
or
s
o
f
SI
a
n
d
S2
pa
rr
is
n
o
t
st
ric
tly
a
pp
ro
pr
ia
te
be
ca
us
e
th
e
le
ng
th
/w
ei
gh
t
re
la
tio
ns
hi
p
o
f ju
ve
nil
e
sa
lm
on
id
fis
h
n
o
r-
m
a
lly
ch
an
ge
s
w
ith
in
cr
ea
si
ng
si
ze
(M
ort
en
se
n,
19
77
).
H
ow
ev
er
,
it
is
cl
ea
r
fro
m
o
u
r
w
o
rk
th
at
th
e
lo
ss
o
f c
o
n
di
tio
n
o
f
th
e
52
pa
rr
du
rin
g
th
e
e
a
rly
w
in
te
r
m
o
n
th
s
w
a
s
pr
op
or
tio
na
lly
gr
ea
te
r
th
an
th
e
lo
ss
o
f c
o
n
di
tio
n
o
f t
he
SI
pa
rr.
Th
is
co
n
fo
rm
s
w
ith
th
e
w
o
rk
o
f
M
et
ca
lfe
e
t
a
l.
(19
86
) w
ho
pr
es
en
t
e
vi
de
nc
e
to
sh
ow
th
at
th
e
re
du
ce
d
gr
ow
th
o
f
52
pa
rr
is
ca
u
se
d
by
a
n
in
te
rn
al
su
pp
re
ss
io
n
o
f
a
pp
et
ite
w
hi
ch
m
a
y
co
m
m
e
n
ce
a
s
e
a
rly
a
s
m
id
-s
um
m
er
a
n
d
w
hi
ch
co
n
tin
ue
s
th
ro
ug
ho
ut
th
e
a
u
tu
m
n
a
n
d
w
in
te
r
re
ga
rd
le
ss
o
f
co
m
pe
tit
io
n,
fo
od
su
pp
ly
o
r
w
a
te
r
te
m
pe
ra
tu
re
.
M
or
eo
ve
r,
G
ar
di
n
e
r &
G
ed
de
s
(19
80
) h
av
e
sh
ow
n
th
at
th
e
lo
ss
o
f e
n
e
rg
y
co
n
te
nt
o
f
At
la
nt
ic
sa
lm
on
pa
rr
w
a
s
gr
ea
te
st
du
rin
g
O
ct
ob
er
-D
ec
em
be
r
a
n
d
th
at
sm
a
lle
r
fis
h
ha
d
pr
op
or
tio
na
lly
sm
a
lle
r
e
n
e
rg
y
re
se
rv
e
s
th
an
th
e
la
rg
er
fis
h.
Th
us
,
n
u
tri
tio
na
l
in
su
ffi
cie
nc
y
is
pr
ob
ab
ly
a
m
a
jor
st
re
ss
du
rin
g
o
ve
rw
in
te
rin
g
o
f
bo
th
ha
tc
he
ry
-
re
a
re
d
a
n
d
n
a
tu
ra
l
po
pu
la
tio
ns
o
f 5
2
At
la
nt
ic
sa
lm
on
pa
rr.
A
co
m
pa
ris
on
o
f
th
e
ha
em
at
ol
og
ica
l
pr
of
ile
s
o
f
SI
a
n
d
52
pa
rr
du
rin
g
th
e
pr
es
en
t
st
ud
y
re
ve
a
le
d
a
m
a
rk
ed
,
a
n
d
hi
gh
ly
si
gn
ific
an
t,
su
pp
re
ss
io
n
o
f
th
e
co
n
ce
n
-
tra
tio
n
o
f c
irc
ul
at
in
g
th
ro
m
bo
cy
te
s
a
n
d
lym
ph
oc
yt
es
.
Th
is
ty
pe
o
f
le
uc
op
en
ia
is
a
ty
pi
ca
l
re
sp
on
se
o
f
sa
lm
on
id
fis
h
to
a
w
id
e
ra
n
ge
o
f
a
cu
te
a
n
d
ch
ro
ni
c
st
re
ss
es
(P
ick
eri
ng
e
t
a
l.,
19
82
;
Pi
ck
er
in
g
&
Po
tti
ng
er
,
19
87
6)
a
n
d
e
vi
de
nc
e
is
n
o
w
a
cc
u
m
u
la
tin
g
th
at
lym
ph
oi
d
tis
su
e
a
n
d
le
uc
oc
yt
e
a
ct
iv
ity
in
fis
h
a
re
st
ro
ng
ly
su
pp
re
ss
ed
by
co
rti
co
st
er
oi
ds
se
cr
e
te
d
fro
m
th
e
in
te
rre
na
l
tis
su
e
(P
ick
eri
ng
,
19
84
;
St
av
e
&
R
ob
er
so
n,
19
85
; M
au
le
e
t
a
t,
19
86
; P
ic
ke
rin
g
e
t
a
L,
19
87
).
In
th
e
pr
es
en
t
st
ud
y,
th
e
sm
a
ll
si
ze
o
f
th
e
fis
h
pr
ec
lu
de
d
a
re
gu
la
r
sa
m
pl
in
g
pr
og
ra
m
m
e
to
m
o
n
i-
to
r
pl
as
m
a
co
rti
so
l
le
ve
ls
in
in
di
vid
ua
l
fis
h
a
t
e
a
ch
sa
m
pl
in
g
tim
e.
H
ow
ev
er
,
in
Fe
br
ua
ry
w
e
w
e
re
a
bl
e
to
po
ol
bl
oo
d
sa
m
pl
es
fro
m
fis
h
w
ith
in
th
e
si
x
re
pl
ica
te
ta
nk
s
fo
r
bo
th
SI
a
n
d
52
pa
rr.
Co
rti
so
l
le
ve
ls
(de
ter
mi
ne
d
by
ra
di
oi
m
m
un
oa
ss
ay
;
Pi
ck
er
in
g
e
t
a
t,
19
87
6)
in
th
e
po
ol
ed
pl
as
m
a
sa
m
pl
es
fro
m
SI
a
n
d
S2
pa
rr
w
e
re
1-
5±
0.
4
(6)
[m
ea
n
±
s.
E.
P4
. (n
)]
a
n
d
6-
4
±
I -
9
n
g
m
r
re
sp
ec
tiv
el
y
(P
<
0.
05
).
Th
is
co
m
pa
re
s
fa
vo
ur
ab
ly
w
ith
th
e
st
ud
ie
s
o
f S
im
ps
on
&
Th
or
pe
(19
76
) i
n
w
hi
ch
it
w
a
s
sh
ow
n
th
at
th
e
bl
oo
d
co
rti
so
l
le
ve
ls
o
f S
2A
tla
nt
ic
sa
lm
on
pa
rr
sa
m
pl
ed
in
Ja
nu
ar
y
w
e
re
si
gn
ific
an
tly
hi
gh
er
th
an
th
os
e
o
f
SI
pa
rr.
Ta
ke
n
to
ge
th
er
,
th
es
e
lim
ite
d
da
ta
su
gg
es
t t
ha
t
th
e
S2
pa
rr
ha
ve
ch
ro
ni
ca
lly
e
le
va
te
d
pl
as
m
a
co
rti
so
l
le
ve
ls
du
rin
g
th
e
w
in
te
r
m
o
n
th
s.
Th
us
,
S2
pa
rr
a
re
ch
ar
ac
te
riz
ed
by
e
le
va
te
d
pl
as
m
a
co
rti
so
l
le
ve
ls
a
n
d
su
pp
re
ss
ed
w
hi
te
bl
oo
d
ce
ll
co
u
n
ts
,
bo
th
in
di
ca
to
rs
o
f
ch
ro
ni
c
st
re
ss
.
St
ud
ie
s
o
n
th
e
br
ow
n
tro
ut
ha
ve
sh
ow
n
th
at
e
xt
en
de
d
pe
rio
ds
o
f
e
le
va
te
d
pl
as
m
a
co
rti
so
l
le
ve
ls
a
n
d/
or
re
du
ce
d
lym
ph
oc
yt
e
co
u
n
ts
a
re
u
su
a
lly
a
ss
o
ci
at
ed
w
ith
in
cr
ea
se
d
m
o
rta
lit
y
du
e
to
di
se
as
e
(P
ick
eri
ng
&
D
us
to
n,
19
83
; P
ic
ke
rin
g
&
Po
tti
ng
er
,
19
85
,
19
87
a;
Pi
ck
er
in
g,
19
86
).
It
w
o
u
ld
se
e
m
th
at
a
si
m
ila
r
si
tu
at
io
n
e
xi
st
s
in
At
la
nt
ic
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A.
D
.
PI
CK
ER
IN
G
AN
D
T.
G
.
PO
TT
IN
G
ER
sa
lm
on
pa
rr
du
rin
g
th
e
w
in
te
r
m
o
n
th
s,
be
ca
us
e
m
o
st
o
f
th
e
m
o
rib
un
d
fis
h
a
n
d
m
a
n
y
o
f t
he
S2
pa
rr
ta
ke
n
du
rin
g
ro
u
tin
e
sa
m
pl
in
g
sh
O
we
ds
ig
ns
o
f b
ac
te
ria
l f
in
-ro
t
a
n
d
Sa
pr
ol
eg
ni
a
in
fe
ct
io
n.
In
so
m
e
n
a
tu
ra
l
po
pu
la
tio
ns
o
f A
tla
nt
ic
sa
lm
on
pa
rr,
hi
gh
o
ve
rw
in
te
r
m
o
rta
lit
Y
m
a
y
a
ct
a
s
a
se
le
ct
iv
e
pr
es
su
re
in
de
te
rm
in
in
g
th
e
tit
he
o
f
do
wn
st
re
am
m
ig
ra
tio
n.
R
id
de
ll
&
Le
gg
et
t
(19
81
) s
u
gg
es
te
d t
ha
t
a
n
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c
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p
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p
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v
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v
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c
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for
s
almon
p
a
r
r
,
but
the
s
t
udy
is
s
till
in
its
infancy
a
nd
the
I
nitial
r
e
s
ults
r
e
q
uire
v
e
rification
With
a
m
o
r
e
rigorous
e
x
p
e
rimental
design.
I
t
is
n
o
t
clear,
a
t
this
s
t
age,
whether
the
differences
w
e
found
in
the
r
e
s
p
o
n
s
e
t
o
o
v
e
rhead
c
o
v
e
r
between
t
r
o
u
t
a
nd
s
almon
p
a
r
r
r
e
p
r
e
s
e
n
t
t
r
u
e
s
p
e
cies
differences
o
r
whether
they
a
r
e
a
c
o
n
s
e
q
u
e
n
c
e
of
the
p
a
s
t
history
of
che
s
t
r
ains
of
fish
u
s
ed
I
n
the
s
t
udy.
The
A
tlantic
s
almon
w
e
r
e
first
generation
fry
from
wild,
adult
fish
t
aken
o
n
their
s
p
a
w
ning
migration
I
n
the
River
L
u
n
e
,
L
a
n
c
a
shire,
whereas
both
s
p
e
cies
of
t
r
o
u
t
w
e
r
e
derived
from
domesticated
s
t
r
ains.
I
t
is
p
o
s
sible
that
the
beneficial
effects
of
o
v
e
rhead
c
o
v
e
r
m
a
y
be
e
vident
in
s
o
m
e
,
but
n
o
t
all,
s
t
r
ains
of
domesticated
t
r
o
u
t
e
nd
m
a
y
be
m
odified
by
o
ther
factors,
s
u
ch
a
s
s
t
o
cking
density.
Clearly,
m
o
r
e
w
o
rk
in
this
a
r
e
a
is
heeded.Whatever
the
final
e
x
planation,
o
v
e
rhead
c
o
v
e
r
w
o
uld
s
e
e
m
c
o
be
a
n
I
m
p
o
r
t
a
n
t
t
o
ol
for
a
n
y
u
nit
r
e
a
ring
s
m
elts
from
wild
fish
(for
s
t
o
ck
e
nhancement)
a
nd
m
a
y
,
ultimately,
p
r
o
v
e
t
o
be
of
m
o
r
e
general
v
alue
in
r
educing
a
q
u
a
c
ultural
s
t
r
e
s
s
.
I
w
o
uld
be
interested
c
o
hear
from
a
n
y
fish
farmer
who
has
views
o
n
(and,
p
r
eferably•
e
x
p
e
rience
of)
the
;
:
z
e
of
floating,
o
v
e
rhead
c
o
v
e
r
a
s
a
t
e
chnique
for
r
educing
s
t
r
e
s
s
a
nd
I
n
c
r
e
a
sing
the
growth
r
a
t
e
of
s
almonid
fish.
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Introduction
It
is
generally
a
ccepted
that
there
is
a
strong
a
sso
cia-
tion
between
deleterious
changes
in
the
e
n
vironm
ent
a
nd
a
n
increase
in
the
su
sceptibility
of
fish
td
diSease
(W
edemeyer,
1970:
Snieszko.
1974).
Under
aquacul-
ture
co
nditions
su
ch
e
n
vironm
ental
changes,
o
r
stres-
se
s,
include
w
ater
quality
deterioration.
sudden
tem
-
pera
tu
re
changes,
so
cial
interaction
between
fish.
dis-
turbance.
physical
handling
a
nd
co
nfinem
ent.
H
ow
e-
ve
r,
m
u
ch
of
the
e
vidence
is
a
n
e
cdotal
o
r.
at
best,
circum
stantial
a
nd
there
a
re
su
rprisingly
few
rigorous
e
xperim
ental
studies
ol
the
links
between
e
n
viron-
m
e
ntal
stress
a
nd
the
o
n
set
of
disease
in
fish
popula-
tions.
D
isease
o
utbreaks
o
ccu
r
w
hen
su
sceptible
fish
a
re
e
xposed
to
potential
pathogens
u
nder
co
nditions
that
favour
the
su
rvival
a
nd
growth
of
the
infective
o
rganism
.
Changes
in
the
physical
a
nd
chem
ical
cha-
ra
cteristics
of
the
e
n
vironm
ent
ca
n
increase
the
abun-
dance
a
nd
virulence
of
pathogenic
o
rganism
s,
a
factor
w
hich
m
u
st
have
a
n
im
portant
Influence
o
n
the
o
utcom
e
of
a
situation
in
w
hich
fish
a
re
challenged
by
pathogens.
H
ow
ever
a
n
other
influence
n
a
m
ely
the
degree
of
su
scepteslifty
of
the
host,
m
ay
also
be
in-
strum
ental
in
determ
ining
w
hether
o
r
n
ot
pathogenic
Challenge
re
sults
In
disease.
The
aim
of
this
paper
is
to
re
view
the
e
vidence
for
increased
vulnerability
of
stressed
fish
to
cG
sease
a
nd
to
identify
the
m
e
cha-
nism
s
behind
this
re
sponse.
In
view
of
the
irnm
uno-
suppressive
a
nd
a
nti-inflam
m
atoryeffectsof
co
rticos-
terO
id
horm
ones
o
n
the
defence
system
s
in
m
a
m
m
als
a
nd
the
fact
that
co
rticosteroid
elevation
is
a
n
alm
ost
Invariable
re
sponse
of
teleost
fish
to
stress,
partiarlar
attention
w
ill
be
given
to
the
role
of
the
pituitary-Inter-
re
n
al
a
xis.
N
o
attem
pt
w
ill
be
m
ade
to
define
the
opti-
m
al
aquacultucal
co
nditions
co
rsistent
w
ith
m
a
xim
i-
zing
the
e
co
n
o
m
ic
return
—
this
ca
n
o
nly
be
a
chieved
by
e
xperienced
fish
farm
ers
for
e
a
ch
particular
set
of
circum
stances
a
nd
is
likely
to
be
affected
bY
the
sle-
cies
a
nd
strain
of
fish
u
nder
cultivation,
the
physical
a
nd
chem
ical
characteristics
of
the
w
ater
supply
a
nd
by
the
design
of
the
aquaculture
facilities.
H
ow
ever,
a
deeper
u
nderstanding
of
the
pinsiological
a
nd
e
ndoc-
rinological
m
e
chanism
s
behind
stress-induced
vulne-
rability
to
disease
w
ill
allow
u
s
to
o
utline
suitable
ap-
proaches
for
alleviating
this
re
sponse.
W
herever
pos-
sible,
e
vidence
has
been
selected
from
studies
of
sal-
rn
o
nid
fish
although
so
m
e
reference
w
ill
be
m
ade
to
other
groupsof
lath
If
e
vidence
for
salm
onids
Is
G
alled
o
r
Lacking.
IL
Evidence
of
stress
predisposing
nth
to
disease
Perhaps
the
n
o
el
rigorously
doatm
eM
ed
e
vidence
co
n
ce
rts
the
Im
pact
of
poletants
o
n
disease
a/thre-
e
s
In
fish
popdations.
In
general,
the
incidence
of
ditrease
ts
greater
In
polluted
e
n
vironm
ents
than
in
clean
o
n
e
s
(Amy
&
H
are,
1969;
O
rem
et
al
1979:
Sinderm
ann,
1979;
M
oller,
1985).
Thus,
chronic
low
-
level
pollutionof
the
w
ater
steel),
Is
likeY
to
reStAt
In
a
n
Increased
Ircidence
of
disease
in
a
n
aquaculture
u
nit.
M
ore
specifically,
H
etrick
et
al.(1979)
a
nd
Knittel
(1381)
have
show
n
that
e
xposure
ol
rainbow
trout,
Salm
o
gairdned,
to
copper
increases
their
su
sceptibi-
lity
to
infections
haem
atopoielic
n
e
cro
sis
virus
and
to
the
bacterium
re
sponsible
for
re
ctm
outh
infection.
Yerstnia
nicked.
Copper
has
also
been
show
n
to
pre-
dispose
channe
catfish,
ictalurus
punctatus,
to
e
xpe-
rim
ental
infection
w
ith
w
hite-spot
disease.
Ichthy-
ophthlrlus
m
ultif
O
ils,(Ewing
et
aL
1982)
a
nd
to
predis-
pose
e
els.
Anguilla
a
ngullia,
to
vibriosis,
Vibrio
a
nguil-
larum
(Rodsaether
et
al.,
1977).
W
ater
quality
deterioration
a
s
a
re
sult
of
aquaculturel
processes
them
selves
ca
n
also
lead
to
disease.
The
stress
of
elevated
a
m
m
o
nia
a
nd
Carbon
dioxide
levels
co
m
bined
w
ith
low
dissolved
o
xygen
co
n
ce
ntrations
w
a
s
sufficient
to
increase
the
m
o
rtality
of
channel
catfish
ca
u
sed
by
e
xperim
ental
infection
w
ith
Aerom
-
o
n
e
hydrophlla
(W
alters
&
Plum
b.
1980).
Elevated
nitrite
levels
w
e
re
also
capable
of
predisposing
this
species
of
fish
to
bacterial
infections
(Hanson
&
G
rizzle,
1985).
It
se
e
m
s
probable
that
a
sim
ilar
a
sso
cia-
tion
between
w
ater
quality
a
nd
disease
re
sistance
e
xists
for
salm
onid
fish.
For
e
xa
m
ple,
Sodeberg
et
al.
(1983)
found
that
the
m
o
rtality
rate
(due
to
parasite
epizootics)
of
rainbow
trout
re
a
red
in
a
n
intensive
static
w
ater
culture
system
w
a
s
directly
related
to
the
a
ve
rage
daily
m
a
xim
um
co
n
ce
ntration
of
u
nionized
a
m
m
o
nia.
An
o
utbreak
of
Pseudom
onas
fluerescens
in
farm
ed
rainbow
trout
w
a
s
attributed
to
high
levds
of
o
rganic
m
atter
in
the
w
ater
o
riginating
from
dusty
food
(Eiras
&
Saraiva,
1986).
The
stress
of
sim
ulated
transportation
for
21
hours
w
a
s
sufficient
to
m
a
rkedly
increase
the
m
o
rtality
rate
of
Atlantic
salm
on.
Salrno
Baler,
subsequently
e
xposed
to
A.
hydrophlla
(Jo-
hansson
&
Beroström
.
1977)
a
nd
cro
wding
a
nd
hand-
ling
have
been
show
n
to
re
sult
In
significantly
higher
m
o
rtalities
In
funm
culosis-infected
brovm
trout
(Hosmer,
1980).
H
eat
stress
Increased
the
rate
of
transm
ission
of
Y.
nicked
between
e
xperim
ental
po-
pulations
of
rainbow
trout
(Hunter
et
al.,
1980)
a
nd
the
of
a
viral
Infection,
chronic
pancreatic
n
e
cro
sis,
ap-
peared
to
Increase
the
incidence
of
a
bacterial
disease.
P.
fluoresces
(Roberts
&
H
orns,
1978).
These
e
xa
m
ples
fam
part
of
a
n
a
ccu
m
ulating
body
of
e
vidence
linking
va
rious
loam
of
stress
to
a
subse-
quent
Increase
in
the
su
sceptibility
of
fish
to
a
w
ide
ra
nge
of
Infectious
diseases
(see
also
W
edem
ayer
M
cLeay,
1981).
O
ne
m
ight
a
rgue
that
e
a
ch
represents
specific
re
sponse
to
a
particular
set
of
e
n
vironm
ental
circum
stances
e
nd
that
there
Is
n
o
fundam
ental
rela-
tionship
between,
M
ese
studies.
H
ow
ever,
11seem
s
m
u
ch
m
o
re
probable
that
there
a
re
co
m
m
o
n
m
e
cha-
nism
sat
w
o
rk
w
hich
m
ight
a
cco
u
nt
for
thedm
ilartties
In
the
re
sponse
of
the
fish
to
pathogenic
challenge.
The
n
e
xt
se
ction
of
this
paper
e
xa
m
ines
o
n
e
su
ch
m
e
chanism
,
a
ctivation
of
the
hypthatam
ic-pituitary-
Interrerial
a
xis,
w
hich
o
ccu
rs
In
re
sponse
to
m
a
ny
different
form
s
of
e
n
vironm
ental
stress
(Table
1).
StressR
esponsesand
Disease
R
esistancein
Farm
edFish
ByA.D
.Pickering
Freshw
aterBiological
Association,
The
Feny
H
ouse,FarSawrey,
Am
bleside,Cum
bria,
LA22
O
tP,
EnglandAn.
Pink.;
Fro:m
ine
atiorrea
Asseelstion.
n
w
FerryH
ours.ForSneer.
Am
bespot
Coutda.
LA
22
ca
.P.England
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Ta
bl
e
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Se
le
ct
ed
e
xa
m
pl
es
o
l
e
n
vi
ro
nm
en
ta
l
st
re
ss
kn
ow
n
to
st
im
ul
at
e
th
e
H
PI
a
xi
s
in
sa
lm
on
id
fis
h.
in
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e•
•
le
a
Po
lia
Pe
ca
n
O
at
Ca
w
O
. a
s
Er
a
le
as
.
x
l-0
O
. r
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Um
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IL
fe
ta
O
ar
el
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N
ea
p
a
M
O
M
N
ap
a.
VI
M
ta
a
Va
n
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in
&
•
G
ol
an
.
O
NO
O
di
ae
lt
Ca
l
N
an
a.
o
w
n
Ya
na
O
W
N
iv
aa
fle
ln
N
at
•
v
o
ila
O
N*
N
o.
••
•
UN
Ia
bn
Ili
o
w
n
R
an
a
O
M
(P
.
•
Ic
ab
la
l
N
am
.
el
N
O
M
)
Pa
in
e
•
O
NN
ie
am
en
(m
en
%
a
m
o
is
m
o
w
l
III
.
St
re
ss
a
n
d
th
e
hy
po
th
al
am
ic-
pi
tu
ita
ry
-In
te
rn
ee
!
(H
PI
)
a
xi
s
Th
e
H
PI
a
xi
s
Is
pa
rt
o
f
th
e
fis
h'
s
e
n
do
cr
in
e
sy
st
em
a
n
d
co
n
si
st
s
o
f
a
hi
er
ar
ch
y
o
f
fo
nt
an
el
pa
th
wa
ys
(F
ig.
1).
Th
e
re
le
as
e
o
f
th
e
ho
rm
on
e
co
rti
co
tro
pi
n-
re
le
as
in
g
fa
ct
or
(C
RF
).
fro
m
ce
rta
in
n
e
u
ro
se
cr
e
to
ry
ce
lls
in
a
sp
ec
ia
liz
ed
re
gi
on
o
f
th
e
ve
n
tra
l
pa
rt
o
f
th
e
br
ai
n
(th
e
hy
po
th
al
am
us
).
st
im
ul
at
es
a
gr
am
o
f
ce
lls
in
th
e
pi
tu
i-
ta
ry
gl
an
d
to
se
cr
e
te
a
n
o
th
er
ho
rm
on
e.
a
dr
en
oc
or
tic
o-
bo
ot
h
(A
CT
H)
.
In
to
th
e
bl
oo
d
st
re
am
.
AC
TH
in
tu
rn
st
im
ul
at
es
ce
rta
in
ce
lls
in
th
e
a
n
te
rio
r
re
gi
on
o
f
th
e
fis
h'
s
ki
dn
ey
(th
e
in
te
rre
na
l
tis
su
e)
to
se
cr
e
te
o
n
e
o
r
m
o
re
st
er
oi
d
ho
rm
on
es
,
th
e
co
rti
co
st
er
oi
ds
,
In
to
th
e
bl
oo
d.
In
sa
lm
on
id
fis
h,
co
rti
so
l
is
th
e
m
a
jor
co
rti
co
s-
te
ro
ld
(Id
ler
&
Tr
us
co
tt.
19
72
).
Th
e
a
ct
iv
ity
o
f
th
is
a
xi
s
ca
n
be
co
n
tro
lle
d
a
n
d
m
o
di
fie
d
by
fe
ed
ba
ck
lo
op
s
a
ct
in
g
o
n
th
e
hy
po
th
al
am
us
a
n
d/
or
th
e
pi
tu
ita
ry
a
n
d
by
se
ve
ra
l
ho
m
on
es
fro
m
o
th
er
co
m
po
ne
nt
s
o
f
th
e
fis
h'
s
e
n
do
cr
in
e
sy
st
em
.
Fo
r
fu
rth
er
de
ta
ils
o
f
th
e
H
PI
a
xi
S
In
fis
h
th
e
re
a
de
r
is
re
fe
rre
nd
to
D
on
al
ds
on
(19
81
).
As
in
di
ca
te
d
in
th
e
pr
ev
io
us
se
ct
io
n.
th
e
H
PI
a
xi
s
o
f
te
le
os
t
fis
h
is
a
ct
iv
at
ed
In
re
sp
on
se
to
a
lm
os
t
a
ll
to
m
e
o
f
e
n
vi
ro
nm
en
ta
l
st
re
ss
,
w
ith
a
re
su
lta
nt
e
le
va
tio
n
o
f
bl
oo
d
co
rti
co
st
er
ol
d
le
ve
ls
.
Th
is
fo
rm
s
pa
rt
o
f
a
co
m
-
pl
ex
re
a
ct
io
n,
th
e
so
-c
a
lle
d
4f
i9
ht
o
r
flig
ht
.
re
sp
on
se
,
w
hi
ch
sw
itc
he
s
th
e
m
e
ta
bo
lis
m
o
f
th
e
fis
h
fro
m
a
n
a
n
a
bo
lic
sl
at
e
(th
e
u
pt
ak
e
a
n
d
st
or
ag
e
o
f
e
n
do
w)
to
a
ca
ta
bo
lic
st
at
e
(th
e
br
ea
kd
ow
n
o
l
bo
dy
re
se
n
ts
).
Ca
-
te
ch
ol
am
in
es
.
su
ch
a
s
a
dr
en
al
in
e
a
n
d
n
o
te
dr
en
al
ln
e,
a
ls
o
pl
ay
a
vi
ta
l
ro
le
in
th
is
a
sp
ec
t
o
f
th
e
st
re
ss
re
-
sp
on
se
(se
e
M
az
ea
ud
&
M
az
ea
ud
,
19
81
).
Un
de
r
n
a
tu
-
ra
l
co
n
di
tio
ns
th
e
fis
h
u
til
iz
es
th
es
e
ch
an
ge
s
in
its
ph
ys
io
lo
gi
ca
l
st
at
e
to
a
vo
id
o
r
o
ve
rc
o
m
e
th
e
im
m
e-
di
at
e
th
re
at
Th
e
pr
ec
ise
ro
le
(s)
of
co
rti
so
l
In
tie
st
re
ss
re
sp
on
se
Is
si
ll
th
e
su
bje
ct
o
f
m
u
ch
sp
ec
ul
at
io
n
a
lt-
ho
ug
h
so
m
e
e
vi
de
nc
es
ug
ge
st
s
th
at
,
e
s
In
m
a
m
m
a
ls
.
it
ha
s
th
e
a
bi
lity
to
st
im
ul
at
e
gl
uc
on
eo
ge
ne
sil
l
(th
e
Pr
o-
du
ct
io
n
o
f
gl
uc
os
e
o
r
gl
yc
og
en
fro
n
n
o
n
-c
a
st
oh
y-
dr
at
e
so
u
rc
e
s,
u
su
a
lly
pr
ot
ei
n)
(S
tor
er,
19
67
;
Ch
an
&
W
oo
.1
97
13
;
W
re
n
e
t
d.
,
19
79
;
Le
ac
h
&
Ta
ylo
r,1
91
32
).
Co
nt
ro
l
m
ig
ht
th
er
ef
or
e,
a
tte
nu
at
e
th
e
ca
te
ch
ot
em
l-
n
e
-in
du
ce
d
br
ea
kd
ow
n
o
f
ca
rb
oh
yd
ra
te
re
se
rv
e
s
db
l.
u
lti
m
at
el
y
pr
om
ot
e
th
e
re
co
ve
ry
o
f
ca
rb
oh
yd
ra
te
n
o
-
•
le
a
M
IA
Ca
nn
a
n
rc
o
Lo
ci
CA
L
Em
EM
S
is
te
ns
an
E
e
a
u
ss
Ec
tu
t
CE
PO
CE
Fi
g.
1.
A
si
m
pl
if
ie
d,
sc
he
m
at
ic
di
ag
ra
m
o
f
th
e
hy
po
th
a-
la
m
ic
-p
itu
ita
ry
-in
te
rre
na
l
(H
PI
)
a
xi
s
In
sa
lm
on
id
fis
h.
se
rv
e
s
in
th
e
liv
er
a
n
d
n
Ili
sC
le
.
Th
e
lip
ol
yli
c
a
ct
iv
ity
o
f
co
rn
e
a
l
(U
dm
an
e
t
a
L.
19
79
;
D
av
e
a
t
a
l.,
19
79
;
Sh
er
i-
da
n.
19
86
)
m
a
y
a
ls
o
be
a
n
im
po
rta
nt
fa
ct
or
in
th
e
m
o
bi
liz
at
io
n
o
f
e
n
e
rg
y
re
se
rv
e
s
In
st
re
ss
ed
fis
h.
In
a
dd
itio
n.
se
ve
ra
l
lin
es
o
f
e
vi
de
nc
e
In
di
ca
te
M
at
co
o
t-
so
l
ha
s
a
n
o
sr
n
o
re
gu
ta
to
ry
ro
le
In
fis
h
(B
air
n,
19
86
;
se
e
a
ls
o
Ed
dy
.
19
81
a
n
d
Ch
es
te
r
Jo
ne
s
e
t
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ev
er
,
th
e
si
kr
at
io
n
Is
le
ss
de
ar
.
Pi
ck
er
in
g
&
Po
tU
ng
er
(19
87
0)
n
o
te
d
th
at
th
e
irn
ph
oc
yt
op
en
ia
in
bo
th
br
ow
n
tro
ut
a
n
d
ra
in
bo
w
tro
ut
su
bje
cte
d
bo
a
ch
ro
ni
cc
ra
nd
in
g
st
re
ss
o
u
tla
st
ed
th
e
pe
rio
d
o
f
e
le
va
te
d
bl
oo
d
co
rti
so
l
le
ve
ls
.
Si
m
ila
rly
,
Kl
in
ge
r
e
t
a
l.
(19
83
)
fo
un
d
a
m
a
rk
ed
Ie
uc
op
en
ia
e
n
Ch
rO
nl
ai
lly
st
re
ss
ed
ch
an
ne
l
ca
tfi
sh
m
e
n
th
ou
gh
bl
oo
d
co
rti
so
l
ha
d
a
cc
lim
at
ed
to
th
e
le
ve
ls
lo
un
d
In
u
n
st
re
ss
ed
fis
h.
Th
is
ra
bi
es
th
ep
os
sib
ilit
y
th
at
fa
ct
or
s
o
th
er
th
an
th
e
11
P1
ax
is
ca
n
a
bo
su
pp
re
ss
lym
ph
oi
d
a
ct
iv
ity
.
It
Is
be
co
m
in
g
ge
ne
ra
lly
a
cC
ep
te
d
th
at
lym
ph
oc
yt
e
he
te
ro
ge
ne
ity
e
xi
st
s
In
te
le
os
t
rs
h
a
lth
ou
gh
th
er
e
Is
st
ill
a
gr
ea
t
de
al
o
f
di
sc
us
sio
n
co
n
ce
rn
in
g
th
e
Id
en
tit
y
a
n
d
o
rig
in
o
f
T-
lik
e
a
n
d
B-
lik
e
ca
lls
(C
lem
e
t
a
l.
19
77
;
M
in
er
al
al
_
19
85
).
Th
us
,
gr
os
sc
ha
ng
es
o
f
to
ta
l
lym
p-
ho
cy
te
n
u
m
be
rs
in
re
sp
on
se
to
o
e
tti
Ca
st
er
tri
ds
m
u
st
be
co
n
si
de
re
d
to
be
a
ra
th
er
Cr
ud
e
(al
be
it
u
se
fu
l)
e
st
i-
m
a
te
o
f
th
e
e
ffe
ct
o
f
th
es
e
ho
rm
on
es
o
n
th
e
Im
na
m
s
SY
st
em
O
f f
ish
.
H
ow
ev
er
An
de
rs
on
e
l
se
(19
82
1).
w
o
r-
ki
ng
w
ith
ra
in
bo
w
tro
ut
,
a
n
d
M
et
tle
al
.
(19
87
),
w
o
e
ki
ng
w
ith
W
ho
sa
lm
on
,
ha
ve
bO
th
de
m
on
st
ra
te
d
a
co
rti
co
st
er
vi
d-
W
od
uc
ed
su
pp
re
sS
io
n
o
f t
he
Pr
od
uc
tiO
n
o
f
sp
ec
ific
a
n
tib
od
y-
se
cr
et
in
g
lym
ph
oc
yt
es
in
fis
h
in
-
jec
ted
w
ith
V.
a
n
gu
llia
ru
m
a
n
tig
en
.
An
tib
od
y-
se
cr
e-
tin
g
ce
lls
w
e
re
id
en
tif
ie
d
by
pl
aq
ue
fo
rm
at
io
n
w
he
n
in
cu
ba
te
d
w
ith
sh
ee
p
re
d
bl
oo
d
ce
lls
th
at
ha
d
be
en
co
a
te
d
w
ith
Vl
br
lo
a
n
tig
en
.
A
sp
ec
ific
su
pp
re
ss
io
n
o
f
th
e
im
m
un
e
sy
st
em
w
a
s
a
ls
o
o
bs
er
ve
d
in
th
e
st
rip
ed
ba
n.
M
or
en
e
sm
a
ta
is
,
by
W
ec
hs
le
r
e
t
al
.
(19
86
)
w
ho
sh
ow
ed
th
at
th
e
sy
nt
he
tic
co
rti
co
st
er
od
.
tri
am
ci
no
-
lo
ne
a
ce
to
ni
de
.
de
la
ye
d
th
e
a
pp
ea
ra
nc
e
a
n
d
re
du
ce
d
th
e
le
ve
ls
o
f c
irc
ul
at
in
g
vi
ru
sn
an
ra
liz
in
g
a
n
tib
od
ie
s
to
in
fe
ct
io
us
pa
nc
re
at
ic
n
e
cr
o
si
s
vi
ru
s.
G
rim
m
(19
85
)
re
-
Po
rte
d
th
at
ph
ys
io
lo
gi
ca
l
le
ve
ls
o
f
co
rti
so
l
w
e
re
ca
-
Pa
bl
e
o
f s
u
pp
re
ss
in
g
th
e
m
ito
ge
ni
c
re
sp
on
se
o
f
pl
ai
ce
lym
ph
oc
yt
e
po
pu
la
tio
ns
.
Th
us
,
co
rti
co
st
er
oi
ds
ca
n
n
o
t
o
n
ly
ca
u
se
a
ge
ne
ra
l
lym
ph
oc
yt
op
en
ia
in
te
le
os
t
fis
h
bu
t
o
a
n
a
ls
o
su
PP
re
S3
sp
ec
ific
im
m
un
e
re
sp
on
se
s
to
bo
th
ba
ct
er
ia
l
a
n
d
vi
ra
l
a
n
tig
en
s.
Ph
ag
oc
yt
os
is.
th
e
ce
llu
la
r
In
ge
st
io
n
a
n
d
di
ge
st
io
n
O
f
pa
rti
cu
la
te
m
a
tte
r,
S
a
ts
o
a
n
e
xt
re
m
el
y
im
po
rta
nt
co
m
po
ne
nt
o
f
th
e
fis
h'
s
de
fe
rc
e
sy
st
em
(M
ac
Ar
thu
r
&
Fl
et
ch
er
,
19
85
).
As
in
m
a
m
m
a
ls
th
e
ph
ag
oc
yt
ic
ce
lls
o
f
fis
h
fa
ll
in
to
tw
o
ca
te
go
rie
s,
th
e
gr
an
ul
oc
yt
es
a
n
d
th
e
m
o
n
o
n
u
cl
ea
r
do
go
cy
te
s
(tin
la
tte
r
be
in
g
re
pr
es
en
-
te
d
by
tis
su
e
m
a
cr
o
ph
ag
es
a
n
d
ci
rc
ul
at
in
g
m
u
n
u
Ly
-
te
s).
Ph
ag
oc
yt
os
is
In
vo
lv
es
th
e
pr
oc
es
se
s
o
f
re
co
gn
i-
tio
n
o
f
th
e
fo
re
ig
n
m
a
te
ria
l.
a
tta
ch
m
en
t.
e
n
gu
lfm
en
t
de
gr
an
ul
at
io
n,
ki
llin
g
(i
th
e
ca
se
o
f
ba
ct
er
ia
)
a
n
d
di
ge
st
io
n.
Al
l
o
f
th
is
is
so
m
e
tim
es
pr
ec
ed
ed
by
a
ch
e-
m
ic
al
ly-
gu
id
ed
m
o
ve
m
e
n
t
o
f
m
o
bi
le
ph
ag
oc
yt
es
to
-
w
a
rd
s
th
ei
r
ta
rg
et
(ch
ern
ota
xis
).
R
ec
og
ni
tio
n
o
f
th
e
ta
rg
et
is
u
su
a
lly
e
n
ha
nc
ed
by
th
ep
rc
ce
ss
of
o
ps
on
isa
-
lio
n
(co
ati
ng
o
f
th
e
pa
rti
cle
w
ith
va
rio
us
pr
ot
ei
ns
.
Pr
ed
om
in
an
tly
a
n
tib
od
ie
s).
Th
us
,
th
er
e
le
a
st
m
ng
in
-
te
rre
la
tio
n
be
tw
ee
n
th
e
pr
od
uc
tio
n
o
f
sp
ec
ific
a
n
tib
o-
di
es
by
ce
lls
o
f
th
e
lym
ph
oi
d
sy
st
em
a
n
d
th
e
ph
ag
oc
y-
to
si
s
o
f
pa
rti
cu
la
te
m
a
tte
r
by
th
e
m
a
cr
o
ph
ag
es
o
f
th
e
re
tic
ul
e-
en
do
th
el
ia
l
sy
st
em
.
W
ee
ks
e
t
a
l.
(19
86
)
ha
ve
Sh
aw
n
th
at
th
e
ch
em
ot
ac
tic
e
ffi
cie
nc
y
(to
Es
ch
ed
ch
a
co
il)
o
f
m
a
cr
o
ph
ag
es
is
ol
a-
te
d
fro
rn
th
e
ki
dn
ey
s
o
f
tw
o
sp
ec
ie
s
o
f
e
st
ua
rin
e
fis
h
w
a
s
re
du
ce
d
In
fis
h
fro
M
po
llu
te
d
w
a
te
r
a
n
d
th
at
th
is
e
ffe
ct
co
u
ld
te
re
ve
rs
e
d
by
ho
ld
in
g
th
e
fa
h
In
de
an
w
a
te
r
fo
r
3
w
e
e
ks
.
Us
in
g
an
In
vi
vo
a
pp
ro
ac
h.
M
ac
Ar
-
th
ur
e
t
a
l.
(19
84
)
de
m
on
st
ra
te
d
th
at
co
rti
so
l
In
jec
tio
n
ca
u
se
d
a
si
gn
irc
an
t
re
du
ct
io
n
In
th
e
e
xt
en
t
o
f
In
fla
rn
-
m
a
to
ry
ce
ll
in
filt
ra
tio
n
(pr
ed
orn
ina
ntl
yn
eu
tro
ph
ils
a
n
d
m
a
cr
o
ph
ag
es
)
ki
th
e
pe
rit
O
ne
um
o
f
th
e
pt
siC
e„
Pt
ak
re
m
o
te
,
&l
es
s;
ch
al
le
ng
ed
by
gl
yc
og
en
o
r
Vb
rto
a
lg
In
ol
ye
cu
s.
.
Th
is
st
ud
y
w
e
e
Su
pp
or
te
d
by
a
n
In
di
re
de
m
on
st
ra
tio
n
O
f c
o
rti
so
l-I
nd
uc
ed
su
pp
re
ss
io
n
o
f
m
i-
gr
at
or
y
a
ct
iv
ity
In
In
fla
m
m
at
or
y
n
e
u
tro
ph
ils
de
riv
ed
fro
m
th
e
pe
rit
on
eu
m
o
f
gl
yc
og
en
-In
fe
ct
ed
pl
ai
ce
(F
let
ch
er,
19
86
).
M
uc
h
e
a
rli
er
,
W
el
nr
eb
(19
58
)
ha
d
re
po
rte
d
a
Su
pp
re
ss
ive
e
ffe
ct
o
f
co
rti
oa
st
er
oi
ds
o
n
ch
em
ic
al
a
n
d
su
rg
ica
lly
-In
du
ce
d
in
fla
m
m
at
io
n
In
th
e
ra
in
bo
w
tro
ut
.
O
nc
e
th
e
ta
rg
et
ha
s b
ee
n
ba
te
d,
its
e
tta
ch
m
en
t
to
th
e
ph
ag
oc
yt
icc
el
l
m
e
m
br
an
e
In
iti
at
e!
.
se
rla
sO
lm
et
ab
o-
lic
re
a
ct
io
n!
,
th
e
re
sp
ira
to
ry
bu
re
t
Th
is
re
su
lts
in
th
e
fo
rm
at
io
n
O
f a
n
u
m
be
eO
f
hi
gh
ly
re
a
tti
ve
m
kn
el
ci
de
l
o
xy
ge
n
ra
di
ca
ls
w
hi
ch
,
in
co
M
un
ct
io
n
w
ith
lys
os
or
na
l
e
n
zy
m
es
,
a
re
re
sp
on
sib
le
fo
r
be
ct
ed
al
ki
llin
g
by
ph
s-
go
cy
tic
ca
lls
.
Th
e
re
sp
ira
to
ry
tu
rd
ca
n
be
tre
as
ur
ed
by
m
o
n
ito
rtn
g
ph
ag
0C
yt
iC
Ce
l
ch
er
no
lu
m
in
es
ce
nc
e
du
rin
g
th
e
pr
oc
es
s
o
f p
ha
go
cy
to
st
s.
St
rie
&R
ob
er
so
n
(19
85
)
fo
un
d
th
at
hy
dr
oc
or
tis
on
e
a
ce
ta
te
re
du
ce
d
Ih
e
n
o
rm
a
l
a
bi
lity
o
f
ph
ag
oc
yt
es
fro
m
th
e
ki
dn
ey
o
l
th
e
St
rip
ed
ba
ss
to
ge
ne
ra
te
a
ch
em
ilu
m
in
es
ce
nt
re
sp
on
se
w
he
n
e
xp
os
ed
to
ba
ct
er
ia
a
lth
ou
gh
it
m
u
st
be
Po
in
te
d
o
u
t
th
at
th
e
co
n
ce
n
tra
tio
ns
o
f
co
rti
co
st
er
oi
ds
u
se
d
in
th
is
st
ud
y
w
e
re
m
u
ch
hi
gh
er
th
an
th
e
le
ve
ls
n
o
rm
a
lly
fo
un
d
in
te
le
os
t
fis
h.
N
ev
er
th
el
es
s,
w
he
n
a
u
th
e
da
ta
a
re
co
n
si
de
re
d,
it
se
e
m
s
lik
el
y
th
at
e
le
va
te
d
co
rti
so
l
le
ve
ls
,
a
s
a
re
su
lt
o
l
e
n
vi
ro
nm
en
ta
l
st
re
ss
,
su
m
,
re
ss
ph
ag
oc
yt
os
is
in
fis
h
by
a
ct
in
g
o
n
a
t
le
as
l
tw
o
di
ffe
re
nt
m
e
ch
an
is
m
s
(ch
em
ota
xis
a
n
d
in
tra
ce
llu
la
r
ki
llin
g).
Th
e
e
ffe
ct
s
o
ls
tre
ss
a
n
d
co
n
ic
os
te
ro
id
s
o
n
th
e
w
o
u
n
d
he
al
in
g
pr
oc
es
s
in
fis
h
is
a
vi
rtu
al
ly
u
n
e
xp
lo
re
d
su
b-
jec
t
(se
e
Fl
et
ch
er
,
19
81
) a
n
d
it
is
n
e
ce
ss
a
ry
,
th
er
ef
or
e.
to
re
ly
he
av
ily
o
n
o
u
r
kn
ow
le
dg
e
o
f
m
a
m
m
a
lia
n
sy
s-
te
m
s.
M
or
ga
n
8
R
ob
er
ts
(19
76
),
in
a
st
ud
y
o
n
th
e
hi
st
op
at
ho
lo
gy
o
f
sa
lm
on
ta
gg
in
g.
pr
ov
id
e
so
m
e
e
vi
-
de
nc
e
th
at
st
re
ss
ca
n
ha
ve
a
de
le
te
rio
us
e
fle
ct
o
n
th
e
w
o
u
n
d
he
al
in
g
pr
oc
es
s.
Th
ey
fo
un
d
th
at
At
la
nt
ic
sa
l-
m
o
n
pa
rr.
st
re
ss
ed
by
se
ve
re
e
xe
rc
is
e
a
t
hi
gh
te
m
pe
ra
-
lu
re
.
de
ve
lo
pe
d
e
xt
en
si
ve
n
e
cr
o
tic
le
si
on
s
a
t
th
e
si
te
o
f
ta
g
in
se
rti
on
.
Th
is
w
o
u
ld
se
e
m
to
be
a
n
e
ffe
ct
o
n
w
o
u
ld
he
al
in
g
pe
r
se
be
ca
us
e
th
er
e
w
e
re
n
o
si
gn
s
o
f
se
co
n
da
ry
m
ic
ro
bi
al
In
fe
ct
io
n.
Th
e
m
o
st
im
m
ed
ia
te
de
fe
nc
e
tO
a
n
y
ph
ys
ica
l
in
jur
y
in
vo
lv
in
g
da
m
ag
e
to
th
e
va
sc
u
la
r
sy
st
em
is
th
e
cl
ot
tin
g
pr
oc
es
s.
Th
is
Is
a
co
m
-
pl
ex
ca
sc
a
de
o
f
e
ve
n
ts
w
hi
ch
u
lti
m
at
el
y
re
su
lts
In
th
e
co
n
ve
rs
io
n
o
f
a
so
lu
bl
e
pl
as
m
a
pr
ot
ei
n,
fib
rin
og
en
,
in
to
a
n
in
so
lu
bl
e
pr
ot
ei
n,
fib
rin
w
hi
ch
in
tu
rn
fo
rm
s
a
fib
ro
us
n
e
tw
or
k
a
t t
he
si
te
o
f
in
jur
y.
Th
e
cl
ot
is
co
m
pl
e-
te
d
by
th
e
a
th
er
en
ce
a
n
d
tra
pp
in
g
o
f
so
m
e
o
f
th
e
ce
llu
la
r
co
m
po
ne
nt
s
o
f
th
e
bl
oo
d.
Th
rO
m
b0
Cy
le
s
a
re
in
tim
at
el
y
in
vo
lv
ed
by
vi
rtu
e
o
f
th
ei
r
a
dh
es
io
n
to
th
e
fo
rm
in
g
cl
ot
a
n
d
by
th
e
re
le
as
e
o
f f
ac
to
rs
w
hi
ch
st
im
u-
la
te
th
e
e
n
zy
m
at
ic
pr
oc
es
s
o
f
fib
rin
Is
:in
fla
tio
n.
In
fis
h
th
e
cl
ot
tin
g
pr
oc
es
s
m
a
y
O
cc
ur
ra
pi
dl
y
(w
ith
in
3m
in
u-
te
s)
bu
t
th
e
ra
te
o
f
do
tti
ng
is
di
re
ct
ly
pr
op
or
tio
na
l
to
th
e
co
n
ce
n
tra
tio
n
o
f
th
ro
m
bo
cy
te
s
in
th
e
bl
oo
d
(S
ri-
va
st
av
a.
19
69
).
In
pr
ev
io
us
st
ud
ie
s
w
e
ha
ve
be
en
u
n
a
bl
e
to
de
m
on
-
st
ra
te
a
n
y
e
ffe
ct
o
f
a
cu
te
W
re
n
O
f c
o
rti
CO
st
er
ol
d
a
d-
m
in
is
tra
tio
n
o
n
th
e
ci
rc
ul
at
in
g
th
ro
rn
bo
cy
te
po
pu
ta
-
lio
n
o
f
br
ow
n
tro
ut
(P
ick
eri
ng
e
t
al
.,
19
82
:
Pu
ck
er
in
g.
19
84
).
M
or
eo
ve
r,
M
cL
ea
y
a
n
d
co
lle
ag
ue
s
co
u
ld
n
o
t
fin
d
a
n
y
e
ffe
ct
o
f
ch
ro
ni
c
st
re
ss
(ex
po
su
re
to
po
llu
t-
a
n
ts
)
o
n
th
e
th
ro
m
bo
cy
te
s
o
f
juv
en
ile
co
ho
sa
lm
on
(M
cL
ea
y
19
73
c;
M
cL
ea
n
IS
Br
ow
n.
19
74
)
a
n
d,
de
sp
ite
sh
ow
in
g
th
at
AC
TH
a
n
d
de
xa
m
et
ha
so
ne
(bu
t
n
o
t
co
r-
lis
ol
)
co
u
ld
ca
u
se
th
ro
m
bo
cy
lo
pe
ni
a
(is
cle
ay
.
19
73
a,
b),
w
e
re
u
n
a
bl
e
to
co
rr
e
la
te
se
a
so
n
a
l
va
ria
tio
n
In
th
ro
m
bo
cy
te
n
u
m
be
rs
w
ith
a
de
no
co
rti
ca
l
a
ct
iv
ity
(M
cL
ea
y.
19
75
).
H
ow
ev
er
,
ch
ro
ni
c
cr
o
w
di
ng
st
re
ss
ca
u
se
d
a
m
a
rk
ed
a
n
d
pr
ol
on
ge
d
re
du
ct
io
n
In
th
e
ci
r-
cu
la
tin
g
th
ro
rre
so
cy
te
co
u
n
t
o
f
bo
th
br
ow
n
tro
ut
a
n
d
ra
in
bo
w
tro
ut
(P
ick
eri
ng
8
Po
tti
ng
er
.
19
87
b)
th
er
eb
y
su
gg
es
tin
g
th
at
th
is
ty
pe
o
f
ch
ro
ni
c
st
re
ss
m
ig
ht
im
-
pa
ir
th
e
cl
on
in
g
pr
oc
es
s
in
sa
lm
on
ld
fis
h.
If
so
,
th
is
di
ffe
rs
fro
m
th
e
re
Sp
on
Se
to
a
cu
te
st
re
ss
be
ca
us
e
Ca
-
sa
le
s
&
Sm
ith
(19
77
)
n
o
te
d
a
th
re
ef
ol
d
In
cr
ea
se
In
th
ro
m
bo
cy
te
n
u
m
be
rs
a
n
d
a
de
cr
ea
se
In
th
e
do
tti
ng
tim
e
In
ra
in
bo
w
tro
ut
Im
m
ed
ia
te
ly
a
fte
r
a
n
a
cu
te
st
re
ss
,
a
re
sp
on
se
w
hi
ch
a
pp
ea
rs
to
be
o
f
a
da
pt
ive
si
gn
ific
an
ce
.
Fb
rin
ol
ys
iS
,
th
e
pr
oc
es
s
o
f
cl
ot
di
ss
ol
-
u
tio
n,
m
a
y a
ls
o
be
In
flu
en
ce
db
y
e
n
vi
rO
nM
en
ta
l
st
re
ss
.
Th
us
,
W
oo
dw
ar
de
t
a
l.
(19
79
)
bo
un
d
th
at
ra
pi
dd
ec
om
-
pr
es
sio
n
st
re
ss
a
cc
e
le
ra
te
d
lib
rin
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po
se
so
m
e
o
f t
he
lis
h
w
ith
in
th
e
po
pu
la
-
tio
n
to
di
se
as
e.
Fi
g.
5
pr
es
en
ts
th
e
re
su
lts
o
f
se
ve
ra
l
o
0"


so
n
o
u
n
ae
ro
so
l
n
o
fa
r'
Fi
g.
5.
Ef
fe
ct
o
f c
hr
on
ic
el
ev
at
io
n
O
f P
la
sm
a
w
el
d
le
ve
ls
by
m
ea
n
s
o
f s
lo
w
-r
el
ea
se
Im
pl
an
te
o
n
th
e
m
al
e-
lit
y
ra
te
o
f
br
ow
n
tro
ut
M
or
ta
lit
y
ra
te
a
a
n
d
co
a
le
d
le
ve
ls
w
e
re
m
o
n
ito
re
d
fo
r
5-
10
w
ee
ks
an
d
ca
u
se
e
C4
de
at
h
In
cl
ud
ed
Sa
pr
ol
eg
nl
a
In
fe
ct
io
n,
fu
ru
nc
ul
od
s-
an
d
fin
-ro
t
Va
lu
es
ar
e
w
ee
kl
y
m
ea
n
S
*
SE
M
.
ex
pe
rim
en
ts
in
w
hi
ch
w
e
ha
ve
ch
ro
nl
ca
lly
el
ev
at
ed
th
e
bl
oo
d
Co
rti
so
l
le
ve
ls
o
f
br
aw
n
tr
od
by
m
ea
n
s
o
f
sl
ow
-
re
le
as
e
in
tra
pe
rit
on
ea
l
im
pl
an
ts
a
n
d
sh
ow
s
th
at
th
e
m
o
rta
lit
y
ra
te
(as
ar
es
ult
o
f d
is
ea
se
)
b
po
si
tiv
el
y
co
n
e-
la
te
d
w
ith
th
e
m
ea
n
bl
oo
d
co
rt
is
ol
le
ve
l.
It
is
cl
ea
r
fro
m
th
is
th
at
sh
ou
td
a
gr
ou
p
o
f
fa
h
n
o
t
a
cc
lim
at
e
to
a
ch
ro
ni
c
e
qu
aa
dt
ur
al
st
re
es
, p
ro
lo
ng
ed
e
le
va
tio
n
o
f
bl
oo
d
co
rti
so
l
te
ve
ts
w
ill
In
ev
ita
bl
y
in
cr
ea
se
th
e
in
ci
-
de
nc
e
di
se
as
e
w
ith
in
th
e
po
pu
la
tio
n.
Fu
rth
er
m
or
e.
e
ve
n
th
ou
gh
fis
h
po
pu
la
tio
ns
do
n
o
rm
a
lly
a
cc
lim
at
e
to
ch
ro
ni
c
e
n
vi
ro
nm
en
ta
l
st
re
ss
es
(se
e S
ec
tio
n
Ul
).
th
e
pe
rio
d
o
f e
le
va
te
d
bl
oo
d
co
rtl
oa
st
er
oi
ds
pr
io
r
to
a
ce
-
°
m
u
tto
n
is
a
Fe
te
d
o
f
In
cr
ea
se
d
v
u
ln
er
ab
ili
ty
.
Th
us
,
ch
ro
ni
c
co
re
ed
el
ev
at
io
n
In
st
re
ss
ed
sa
lm
or
tld
fis
h
co
u
ld
be
u
se
d
a
s
a
po
te
nt
ia
l i
nd
ica
to
r
o
f d
ise
as
e
su
s-
ce
pt
ib
lity
.
VL
O
th
ee
fa
ct
on
ic
ap
rb
le
o
f p
re
di
sp
os
in
gf
is
h
lo
db
ea
se
In
th
is
pe
nu
lti
m
at
e
se
st
io
n,
tw
o
o
th
er
le
ct
or
s
w
hi
ch
ha
ve
a
m
a
rk
ed
In
flu
en
ce
o
n
th
e
a
bi
lity
o
f f
ish
to
re
si
st
pa
th
og
en
ic
ch
al
le
ng
e
w
ill
be
br
ie
fly
m
o
ld
er
ed
.
Th
es
e
a
re
th
e
pr
oc
es
s
o
f s
e
st
a!
m
a
tu
ra
tio
n
in
sa
lts
*.
n
id
fa
h
a
n
d
th
e
st
at
e
o
f n
u
tri
tio
n.
a
) S
ex
ua
l M
at
ur
at
io
n
As
fis
h
fa
rm
er
s
a
re
a
ll
to
°
a
w
a
re
,
se
xu
a
lly
m
a
tu
re
sa
lm
on
id
fis
h
a
re
m
u
ch
m
o
re
su
sc
e
pt
ib
le
th
an
In
t:n
a-
tu
re
fo
h
to
di
se
as
e,
pu
tic
ul
ad
y
to
fu
ng
al
a
n
d
pa
ra
sit
ic
In
fe
st
at
io
ns
O
f t
he
in
te
gu
m
en
t
Th
is
o
sc
u
ra
in
bo
th
42
se
xe
s
al
th
ou
gh
th
e
pr
ob
le
m
is
u
su
al
ly
gr
ea
te
st
in
m
a-
tu
re
m
at
e
fis
h.
W
e
ha
ve
sh
ow
n
th
at
se
xu
al
ly
m
at
ur
e
m
al
e
br
ow
n
tr
ou
t
ar
e
m
o
re
fre
qu
en
tty
o
r
m
o
re
se
ve
re
ly
in
fe
st
ed
by
lc
ht
hy
op
ht
hk
lu
s,
Sc
yp
Nd
la
,
G
yr
od
ac
ty
fu
s
an
d
Sa
pr
ol
eg
ni
a
th
an
ar
e
im
m
at
ur
e
fis
h
o
r
se
xu
al
ly
m
at
ur
e
fe
m
al
e
I is
h
(P
ick
er
ing
&
Ch
ris
tie
.
i9
80
).
Si
m
i-
la
rly
.
Pa
lin
g
(19
65
)
o
bs
er
ve
d
a
gr
ea
te
r
in
ci
de
nc
eo
f
in
fe
st
at
io
n
by
th
e
m
o
n
o
ge
ne
an
.O
ls
co
co
ty
le
sa
gI
tta
ta
.
in
se
xu
al
ly
m
at
ur
e
m
al
es
fro
m
a
n
at
ur
al
Po
pu
la
tio
n
o
f
br
ow
n
tr
ou
t
an
d
R
ob
er
ts
on
(19
79
)
ha
s
sh
ow
n
th
at
se
xu
al
m
at
ur
at
io
n
in
fa
rm
ed
ra
in
bo
w
tr
qu
t
is
as
so
ci
a-
te
d
w
ith
an
In
cr
ea
se
in
su
sc
ep
tib
lit
y
to
th
e
fla
ge
lla
te
,
Ic
ht
hy
bo
do
(F
ig.
6).
Fl
g.
8.
Up
pe
r
—
se
ve
re
in
fe
st
at
io
n
O
HM
e
pi
de
rm
is
o
f
th
e
br
ow
n
tro
ut
by
th
e
fla
ge
lla
te
pr
ot
oz
oa
n,
Ic
ht
hy
-
o
bo
do
(ba
r li
ne
10
0u
m
) L
ow
er
—
hi
gh
po
we
r s
ho
w
in
g
th
e
a
tta
ch
m
en
t
o
f l
eo
pa
ra
sit
es
to
a
dO
ce
nt
e
pi
de
rm
al
ce
lls
(ba
r li
ne
10
u
rn
).
Th
e
ph
ys
io
lo
gi
ca
l
m
e
ch
an
tw
ns
be
hi
nd
th
is
re
sp
on
se
a
pp
ea
r t
o
be
tw
ol
oi
l
Fi
rs
tly
, t
he
ta
te
r s
ta
ge
so
t s
e
xu
a
l
m
a
tu
ra
tio
n
a
re
as
so
ci
at
ed
in
bo
th
sa
xe
s
w
ith
ch
an
ge
s
w
hi
ch
pa
ra
lle
l
th
os
e
e
xh
ib
ite
d
bu
rst
re
ss
ed
fis
h.
Th
us
,
th
er
e
is
a
pr
ol
on
ge
d
el
ev
at
io
n
O
f b
lO
od
co
n
tr
ol
le
ve
ls
(P
ick
eri
ng
&
Ch
ris
tie
,
19
81
: P
ic
ke
rin
g
&
Po
tti
ng
et
19
86
) c
o
u
pl
ed
w
ith
a
pr
on
ou
nc
ed
ty
m
ph
oc
ylo
pe
ni
a
(P
ick
eri
ng
, 1
98
6).
Fr
om
th
e
O
ra
ce
d1
19
e
vi
de
nc
e
it
w
o
-
u
ld
se
e
m
th
at
th
es
e
ch
an
ge
t
a
lo
ne
a
re
su
ffc
le
nt
to
co
m
pr
om
ise
bo
th
sp
ec
ific
a
n
d
n
o
n
-s
pe
cif
ic
co
m
po
-
n
e
n
ts
o
f t
he
fis
h'
s
de
fe
nc
e
Sy
st
em
.F
ur
th
er
m
ec
e,
Ka
tz
&
So
ut
hw
ar
d
(19
50
) d
em
on
st
ra
te
d
th
at
sa
lm
on
u
n
-
de
rg
oi
ng
sp
aw
ni
ng
st
re
ss
ha
d
CO
ns
id
er
ab
ly
le
ng
th
e-
n
e
d
bl
oo
d-
clo
tti
ng
tim
es
w
he
n
co
m
pa
re
d
tO
Pr
es
Pe
al
-
n
e
m
, a
ga
in
In
di
ca
tiv
e
O
fa
n
br
ca
lre
d
de
fe
nc
es
ys
te
m
.
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Secondly.
sexu
al
m
aturation
in
the
m
ale
fish
is
ac-
co
m
panied
by
an
androgen-dependent
loss
of
m
u
cu
s-
secreting
goblet
cells(Pottinger
&
Pickering.1985a.b).
It
a
suggested
that
this
exacerbates
the
existing
pro-
blem
s
of
co
rtisol-induced
changes
in
disease
su
scep-
tibility
and
acco
u
nts
for
m
u
ch
of
the
observed
diffe-
ren
ce
in
v
ulnerability
to
skin
infections
betw
een
the
tw
o
sexes.
In
practical
term
s.
so
m
e
of
these
problem
s
of
disease
su
sceptiblity
in
sexu
ally
m
ature
trout
have
been
avoided
by
the
increased
u
se
of
all
fem
ale
o
r
sterile
triptoid
stacks
of
fish.
b)
N
utrition
It
has
been
know
n
for
m
any
years
that
dietary
defici-
en
cies
can
lead
to
specific
types
of
n
utritional
disease
in
fish
(Sniezzko.
1972).
H
ow
ever,
evidence
is
n
o
w
accu
m
ulating
w
hich
indicates
that
dietary
problem
s
can
also
lead
to
an
Increased
su
sceptibility
to
infec-
tious
disease.
D
urve
&
Lovell(1982)
found
that
levels
of
asco
rbic
acid
(vitamin
C)
higher
than
the
m
inim
um
dietary
requirem
ent
for
n
o
rm
al
grow
th
provided
an
increased
resistance
in
channel
catfish
fingerlings
to
the
pathogenic
bacterium
,
Edw
ardsielle
tante.
This
effect
is
distinct
from
the
w
ell-doctenented
and
speci-
fic
co
n
sequence
of
esco
rbic
acid
deficiency
o
n
w
o
uld
heating
in
fish
(Aden
et
at,
1975).
U
&
Lovell(1985)
extended
this
w
cdt
and
dem
onstrated
that
dietary
vi-
tam
in
C
can
influence
n
o
n
-specific
defence
m
echa-
nism
s,Including
an
effect
o
n
M
e
rate
ofphagocytes's.
B
lazer
&
W
elke
(1984a)
show
ed
that
the
resident
peri-
toneal
m
acrophages
of
rainbow
trout
fed
o
n
a
del
dificient
in
a-tocopherel
(vitamin
E)
exhibited
signifi-
cantly
decreased
phagocylosis
of
latex
beads.
In
an
other
study
(Blazer
&
W
elke,
19846)
they
found
that
tw
o
grow
s
of
rainbow
trout
fed
different
diets
(one
co
m
m
ercialone
laboratory-prepared),
although
suffering
n
o
inatalitiesendallapparently
healthy,
hed
m
arked
differences
In
the
m
agnitude
of
their
im
m
une
response
both
to
sheep
red
blood
cells
and
to
the
bacterial
pathO
gen
`feeble
ru
cked.
Perhaps
m
o
re
to-
pically.
Peeve
et
al(1986)
suggest
thatH
aem
orrhagic
Syndrom
e
(HS)
o
r
'tetra
Disease',
w
hich
has
been
the
m
o
st
im
portant
and
w
idespread
disease
in
farm
ed
A
t-
lantic
salm
on
In
N
orw
ay.
Is
a
m
ultifactorial
disease
co
m
plex
In
w
hich
n
utritional
disorders
are
an
Im
por-
tant
co
m
ponent.
It
seem
s
u
nlikely
that
the
im
m
unosuppresive
effects
of
n
utritional
deficiencies
are
m
ediated
via
the
H
PI
tub
because
allthe
erilenceto
date
Indicatesthat
proton-
gedstarvation
(we%
presum
ally,attendant
n
utritional
deficiencies)
does
n
et
elevate
blood
co
rticosterold
le-
vele
in
teleost
fish(Milne
et
at.
1979;B
row
n
et
al,
1984:
A
D
.
Pickering
and
TO
.
PottInger.
u
npublished).
It
Is
apparent
M
at
theasscchstIonbetw
eendietary
co
m
po-
sition
and
resisente
terinfectious
disease
in
an
im
por-
tant
area
for
future
research.
V1L
Sum
m
ary
and
canduslerto
ft
has
been
established
that
m
o
st
fonns
O
f
en
viron-
m
ental
stress
can
predispose
ash
to
infectious
disea-
ses.Such
stresses
a/se
W
inds
the
hypothalam
ic-pi-
tultary-interrenal
(W
I)
ads
w
ith
a
resultant
Inc/ease
in
blood
co
rtkosterolds
(predominantly
co
rtiste
in
salm
onld
fish).
In
the
case
of
acute
stresses,
blood
co
rtisol
levels
w
e
ternporarity
elevated
but
return
to
basal
levels
w
ithin
24
hours.
This
form
s
part
of
a
m
ar-
ked
physiological
change
w
hich
allow
s
the
lish
to
u
se
en
ergy
reseives
n
ot
n
o
rm
ally
available
to
it.in
Its
at-
tem
pts
to
avoid
o
r
o
verco
m
e
the
stress.
W
ith
chronic
stresses,
how
ever,
plasm
a
co
rtisol
levels
m
ay
be
eleva-
ted
for
m
any
days
(or
even
w
eeks)
before
acclim
ation
ultim
ately
o
ccu
rs.
Corticosteroids
have
a
debilitating
effect
o
n
the
defence
system
s
of
fah
by
suppressing
both
cell-m
ediated
and
hum
eral
im
m
une
responses,
by
inhibiting
the
chem
otectic
response
and
phagocy-
tic
ability
of
m
acrophages
and,possibly,
by
retarding
the
processes
of
tissue
repair.
Chronic
adm
inistration
of
physiological
doses
of
co
rticosteroids
to
otherw
ise
u
n
stressed
fish
result
in
a
close-dependent
increase
in
su
sceptiblity
to
su
ch
aquaculturel
diseases
as
Septet-
egnla
infection,
bacterial
fin-rot
and
furunculosis
From
this
it
co
rcluded
thet
activation
ofthe
H
PI
axis
in
fish
exposed
to
acute
en
vironm
ental
stresses
in
an
adaptive
response,
the
benefits
of
w
hich
(in
term
s
ol
en
ergy
m
obilization
and,
perhaps,
o
sm
o
regulation)
n
o
rm
ally
o
utw
eigh
any
tem
porary
suppressicn
of
the
fish's
defence
system
s.
Under
co
nditions
of
chronic
stress,
how
ever,
the
debilitating
effects
of
prolonged
co
nisol
elevation
result
in
a
m
arked
predisposition
to
disease.
In
su
ch
cases
the
fish
m
u
st
ultim
ately
accli-
m
ate
to
the
n
ew
en
vironm
ental
co
nditions
by
reducing
the
level
of
circulating
co
n
isolifitis
to
servive
Sexu-
ally
m
ature
salm
onid
fish
have
several
features
in
co
m
m
o
n
w
ith
chronically
stressed
fish,including
pro-
longed
co
rtisol
elevation
and
lym
phecytopenia.
This
results
in
an
increase
In
the
incidence
of
disease
in
both
sexes
during
the
spaw
ning
seaso
n
but
the
situa-
tion
in
the
m
ales
is
exacerbated
by
androgen-depen-
dant
changes
in
the
Integum
ent
N
ew
evidence
is
also
beginning
to
em
phasize
the
im
portance
ofdiet
in
de-
term
ining
the
ability
of
fish
to
resistpathogenic
chal-
lenge.
The
m
ain
co
rclusion
from
this
review
is
that
m
o
st
of
the
debilitating
effects
of
en
vironm
ental
stress
o
n
the
fish's
defence
system
s
are
m
ediated
by
excessive
o
r
prolonged
stim
ulation
ofthe
H
PI
axis.Itfollow
s,
there-
fore,
that
m
ethods
of
reducing
blood
co
rtisol
levels
during
periods
of
u
n
avoidable
stress
o
ught
to
am
elio-
rate
so
m
e
of
the
w
o
rst
aspects
of
stress-Induced
disease.
W
e
&readopting
tw
o
basic
appm
echestothis
Problem
.
Firstly,
w
e
are
investigating
the
possloility
of
specifically
blocking
the
cease'
receptors
in
the
tar-
get
tissues,
thereby
Inhibiting
the
effects
of
elevated
blood
calla/steroid
bevels.If
su
scessful.
this
appro-
ach
(by
m
ean
s
ofdrug-treatm
ent)
la
likely
to
result
in
the
developm
ent
of
a
pow
erlie
experim
ental
tool
to
investigate
other
especte
O
f
the
co
rticostened
stress
response
In
fish
but
itis
u
nlikely
to
result
in
any
practi-
cal
equecultural
application.
Secondly,
the
genetic
basisof
the
serailM
ty
ofthe
H
PI
axis
toenvIrcem
ental
stress
w
ill
be
studied.
The
ultim
ate
elm
of
this
w
o
rk
w
o
uld
beteselectivelybreed
fish
w
ith
a
high
threshold
to
en
vironm
ental
stress
(Le.
to
accelerate
the
rate
of
dom
estication)
In
an
attem
pt
to
m
old,
o
r
reduce,
the
problem
s
of
stress-Induced
predisposition
to
disease.
Sim
ilar
approaches
have
already
been
au
ccessful
In
w
o
rk
w
ith
poultry
(Edena
&
Siegel.
1975).
In
this
co
n
-
n
ection
it
Is
rem
n
ant
to
ackrow
ledge
the
w
o
rk
O
fT.
R
efstie
and
colleagues
o
n
salm
onid
fish
erre
here
already
dem
onstrated
Significant
differoces
in
the
stress
response
betw
een
species,
betw
een
ales
and
betw
een
dam
s
(Refstie.
1982.
1986).
M
uch
m
o
re
w
o
rk
is
n
o
w
n
eeded
in
this
area
if
w
e
are
to
fully
benefit
from
the
research
effort
already
expended.
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3I1
Stress
is
a
w
ell-recognised
suppressor
of
reproductive
function
in
m
a
m
m
als
(Stephens,
1980;M
oberg,
1985;Arm
strong,
1986).There
is
co
n
siderable
e
vidence
from
adm
inistration
studies
that
co
rticosteroids
ca
n
m
ediate
this
phenom
enon.
Corticoste-
n
aidchaye
been
found
to
have
effects
atthe
level
of\the
hypothalam
us
(Thibier
a
nd
R
olland,
1976),the
pituitary
gland
(W
elsh
a
ndJohnson.1981;M
anna
at,
1982),a
nd
the
gonads
them
selves
(Bambino
a
nd
H
sueh,
1981;Sapolsky,
1985).In
general,
the
effect
of
co
rticosteroid
is
to
suppress
the
se
cretion
of
the
va
rious
releasing
fac-
tors
o
r
horm
ones.
Stress-induced
suppres-


sions
of
reproductive
functions
have
also
been
observed
in
birds
(Siegel,
1980),
rep-
tiles
(Lance
a
nd
Elsey,
1986),a
nd
a
m
phib-
ians(Licht
etat,
1983,M
oore
a
nd
Zoeller,
1985).The
effect
of
co
rlicosteroid
adm
inis-
tration
o
n
reproductive
param
eters
in
tw
o
of
these
groups
has
also
been
described:
birds
(W
ilson
a
nd
Follett,
1976;D
eviche
et
at,
1979;Petitte
a
nd
Etches,
1988)a
nd
a
m
-
phibians
(Moore
a
nd
Zoeller,
1985;Kup-
w
aide
a
ndSaidapur,1987).In
all
of
these
studies,
adm
inistration
of
co
rticosteroid
had
a
significant
deleterious
effect
o
n
re
-
productive
function.
There
is
presently
o
nly
ve
ry
lim
ited
pub-
lished
inform
ation
o
n
the
effects
of
either
stress
o
r
co
rticosteroids
o
n
reproductive
function
in
teleosts(see
Billard
et
al..
1981;
Pickering
et
al..
1987a;
Sum
pter
et
al.,
1987;Safford
a
nd
Thom
as,
1987).O
ur
pre-
vious
w
o
rk
(Pickeringet
al.,
I987a)show
ed
that
chronically
stressed
sex
u
ally
m
ature
m
ale
brown
trout
had
elevated
plasm
a
co
r-
tisol
levels
a
nd
that
this
w
a
s
a
cco
m
panied
by
a
suppression
of
plasm
a
testosterone
a
nd
11-ketotestosterone
levels.
Further-
m
o
re
,
w
e
also
dem
onstrated
that
a
n
a
cute
stress
(duration
I
hr)
elevated
plasm
a
ACTH
a
nd
co
rtisol
levels,
but
tem
porarily
suppressed
the
plasm
a
levels
ofboth
a
ndro-
gens.
H
ow
ever,
the
plasm
a
gonadotropin
level
w
a
s
tem
porarily
increased.
Exoge-
n
o
u
s
adm
inistration
of
co
rtisol
to
brown
trout,
Salm
o
m
ina,
is
know
n
to
increase
the
su
sceptibility
of
the
fish
to
disease
(Pickering
a
nd
D
uston,
1983),but
its
effects
o
n
reproduction
a
re
ototknow
n.
The
present
study
W
asdesigned
to
inves-
tigate
w
hether
elevated
plasm
a
co
rtisol
lev-
els
co
uld
have
been
re
sponsible
for
the
ef-
fects
o
n
reproductive
e
ndocrinology
ob-
se
rved
in
o
u
r
previous
studies.
To
this
e
nd,
se
xu
ally
m
aturing
brown
a
nd
rainbow
trout
w
e
re
given
co
rtisol-releasing
im
plants,
a
nd,
after
a
period
of
tim
e,
a
w
ide
ra
nge
of
re
-
productive
param
eters
w
a
s
a
sse
ssed.
M
ATER
IALS
AN
D
M
ETHO
DS
&pedim
ental
fah.
The
brow
ntroutu
sed
for
this
"Ludyn
ere
oftheD
unsopBridgestraina
ndhadbeen
keptattheW
inderm
erehatcherysincebeingbrought
in
a
sI+
fish
theprm
iousyear.The
rainbowtrout(I
+
(Ish,C
loanstrain)w
ere
raisedo
o
sitefrom
eyed
co
n
.
Thebrow
ntroutsam
pledw
ere
all
m
aturingfuh,
sex
ratio(8:9)
of
1.4:1.The
rainbowtrout
w
elt
•
year
younger,a
nd
thepopulationco
n
sisted
of
m
aturem
ale
fish
a
ndim
m
aturefish
ofboth
sex
es,
w
ith
•
sex
ratio
of1.75:1.Sixty-fivepaccat
ofm
alerainbowtroutw
ere
m
aturing
Fult
w
erekepto
utside in
15004itercinarlartanks
supplied
w
ith35litersm
io-' W
m
desm
ere
lake
w
ater
(temperaturera
nge11.7-16S)
a
nd
w
erefed
duly
at
reco
m
m
endedrale.Eightybrow
n
'nig
n
ee
divided
a
m
a
ssfourtanks(twotanksco
ntrol,tw
o
tankscorti-
sol-treated).R
ainbowtroutw
ere
sim
ilarlydistdbuted


a
m
o
ngfourtanksbutat
a
density
of50fish
pertank.
TW
Q
w
eeks
w
ere
allow
edforthefish
to
reco
v
erfrom
handlingstress
a
nd
a
cclim
ateto
the
co
nditions(Pick-
ering
et
al.,
1982)beforethe
experim
entco
m
m
en
ced.
Im
plantation.
Fish
w
ere
a
n
a
esthetized
u
sing
2-
phenoxyahanol(Sigma,1:2000).C
ontrolfish
received
0.5
m
lm
olten(401
co
co
a
butteras
a
n
intraperitoneal
injection,co
rtisol-im
plantedfish
received
a
sim
ilarin-
jectionbutco
ntainingco
rtisolat
a
co
n
centrationof60
m
g
kg-3fish.Thc
solidifiedco
co
abutterpelleta
cts
a
s
a
slow
releaseim
planto
v
er
sev
eralw
eeks(see
Pick-
ering
a
nd
D
uston(1983)fordetails).
Sam
pling.
Im
m
ediatelyafter
n
etting,thefish
w
ert
a
n
a
esthetized
a
nd
blood
w
a
s
taken
from
the
ca
udal
v
essels
u
sing
a
heparinized
syringe
a
nd
kept
o
n
ice
u
ntilcentrifugation.Fish
w
ere
w
eighed
a
nd
m
ea
su
red
a
nd
thenkilledby
spinalsection.G
onadsfrom
m
ature
fish
w
ere
ex
cised
a
nd
w
eighed,andthepituitarygland
w
a
s
rem
o
v
ed
a
nd
frozen.Plasm
a
w
a
s
stored
frozen
priorto
radioim
m
unoassay(REA).
R
adioim
m
unoassays.
M
ost
horm
ones
w
ere
m
ea
-
su
red
u
sing
established,previously
v
alidated
itlA
s,
thedetailsof
w
hichhavebeenpublished.C
ortisolw
a
s
determ
ineda
cco
rdingto
Pickering et
al.(1987b).Tes-
tosterone
a
nd
II-ketotestostcronew
ere
m
ea
su
redas
describedLnPottingera
nd
Pickering(1915),butu
sing
the
a
ntisera
m
entionedin
Pickering
et
al.
(1987a).
17o.2013-D
ilydroxy-4-pregnen-3-one (170,2013-P)w
a
s
determ
ineda
sdescribedbyScott
et
al.(1982).except
thatethyl
a
cetate
extractionsofplasm
asw
ere
m
ade.
17B-O
esuadiolw
a
s
m
ea
su
red
u
sing
the
sa
m
e
basic
m
ethodologya
s
adoptedforthe
other
steroid
a
ssays.
Steroids
w
ere
extractedfrom
plasm
au
sing
ethyl
a
ce-
tate,duplicate
aliquotsof
w
hich
w
ere
ev
aporatedin
a
ssay
tubesbeforebeing
redissolvedin
100pl
a
ssaY
buffer.Label(approximately10.0)0dolls2,4,6,7,16.
174'rn
catradiol,A
raw
akan,International)and
a
nti-
body,in
separateI00-plaliquots.w
ere
then
added.
Tubesw
ereincubatedo
v
ernightat4
a
nd
sepam
tionof
free
a
ndboundradiolabelw
a
s
a
chievedw
ithdextran-
co
ated
charcoal.The
a
ntibodyw
a
skindlyprovidedby
D
r.Z.Y
aroa(TelA
viv,Israel).Thedetectionlim
itof
the
a
ssay(takala
s
10%
depressionof
m
a
xim
umbind-
ing)
w
a
s
8.6
a
1.7
pg
m
1-1(n
w
5).Ethyl
a
cetate
extractionsof plasm
asdilutedparallelto
the
standard.
Thegooadotropina
ssayisfullydescrlbedin
Picker-
.
M
g
er
al.(1987a)and
Sum
ptera
nd
Scott(1989);the
a
ssay
preferentially detects
thegonadotropinreferred
w
a
s
eitherG
TE
II
o
r
m
aturationaland
o
v
ulatorygo-
n
adotropin(see
Sum
pter
a
nd
Scott(1989)(or
full
details).K
aunas
w
erediluted1in
2
before
a
sny.
Pi-
tuitaryglandsw
erehom
ogenisedin
a
ssay
buffer
a
nd
diluted
appropriatelyto
dm
eaninepituitarygooado-
tropin
co
oked.R
ainbow
troutvitellogeninw
as
m
ea
-
su
red
a
sdesaM
ed
in
Sum
pter(1985)andC
opeland a
al.(1986)a
ndbrow
ntroutvilellogenin
w
a
s
m
ea
su
red
u
singthehom
ologousa
ssaydescribedin
M
othersa
nd
H
ata(1988).W
ethankD
r.B.M
others(AustevollM
a-
The
D
eleterious
Effects
ofCortisol
Im
plantation
o
n
R
eproductive
Function
in
Tw
o
Species
ofTrout,
Salm
o
trutta
L.
a
nd
Salm
o
gairdneri
R
ichardson
J.F.
CA
RRA
G
H
ER,
LP.
SU
M
PTER,
T.
G
.
PO
TTIN
G
ER,`
A
N
D
A.
D
.
PICK
ERJN
G
•
D
epartm
ent
of
Biology
and
Biochem
istry.
B
runel
University,
Uxbridge.
M
iddlesex,
UBE
3P11.
United
Kingdom
,
and
'Institute
of
Freshw
ater
Ecology,
Ferry
H
ow
e.
Far
Saw
rey:NrAm
bleside,
Cum
bria,
1.422
O
LP,
United
Kingdom
A
cceptedFebruary17,1989
Im
plantationof
a
co
nisol-releasingpellet(60
m
gks-
(ish)intothcperitonealca
vity
of
brow
ntrout,Salm
o
m
ina
L.(sexuallym
aturingm
ales
a
nd
fem
ales),a
nd
rainbow
trout,
Salina
gairdneri
R
ichardson(maturingm
alesa
ndim
m
aturefish
ofboth
sex
es),significantly
elevatedtheirplasm
aco
rtisollevet
A
t18dayspostim
plantation.co
rtisol.im
plantedsex
u
-
ally
m
aturingm
alebrow
ntrouthad
sm
allergonads,a
low
erplum
s
testosteronelevel,a
nd
less
gonadotropinin
their
pituitarygland
than
co
ntrolfish.
Plasm
a
levels
of
11-
ketotestosteronea
ndgonadotropinw
ere
o
otsignificantlyaffected.C
ortisol-im
plantedsex
-
u
ally
m
aturingfem
ale
brow
n
trouthad
sm
allergonads,
reduced
plasm
a
levels
of
1713-ocuradiol, testosterone,a
nd
vitellogenin,a
nd
•
low
erpituitarygland
gonadotropin
co
ntentthancontrolfish.Theplasm
agonadotropinlevelw
a
s
u
n
affected.A
t36dayspost-
im
plantation,co
nisoltreatm
entof
m
aturingm
ale
rainbow
troutsignificantly
'oppressed
plasm
agonadotropinlevels.
Plasm
alevels
of
testosterone,11-ketotestosterone,and
17.1,208-dihydroxy-4-pregnen-3-one,
pituitarygonadotropinco
ntent,a
nd
gonad
size
w
ere
n
otsignificantlyaffected.In
a
ctuallyim
m
aturefem
alerainbow
trout,conked
adm
inistra-
tion
suppressedthelevelof
vitellogeninin
theplasm
a,co
m
paredto
co
ntrol-im
plantedfuh.
The1713-oestradiol levelw
a
s
n
otaffected.C
orinthim
plantationdid
n
ot
affecttheplasm
a
testosteronelevelin
sex
u
allyim
m
aturem
alebout.These
m
ulls
suggestW
atprolonged
elevationofplasm
aco
rtisol,to
levels
w
ell
w
ithinphysiologicalra
nge,ca
n
affect
a
w
ide
ra
ngeof
reproductive
param
etersin
bothbrow
na
nd
rainbowtrout.Further,so
m
e
effects
a
re
m
a
nifestinim
m
aturea
s
w
ella
sin
m
aturefish.Thesefindingsa
re
discussedin
relation
to
the
effectsofco
rtisoltreatm
entotithestateofhealthofthetreatedfish.
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.
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(g
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(O
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a
n
d0
1)
Pi
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rY
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(G
M
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.
O
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lu
m
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pr
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n
tro
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h
01
IS
,1
2a
lc
he
d
co
lu
m
ns
re
pr
es
en
t
co
rti
so
l-i
nt
pl
an
te
d
fis
h
(n
•
•
19
).
('P
<
0.
05
,
°
I.*
?
<
0.
00
1).
tin
e
Aq
ua
cu
ltu
re
St
at
io
n,
N
or
w
ay
)
fo
r
th
e
gi
ft
o
f
th
e
re
a
ge
nt
s.
St
at
ist
ics
.
Th
e
e
ffe
ct
o
f
co
rti
so
l
tre
at
m
en
t
o
n
th
e
pa
ra
m
et
er
s
e
xa
m
in
ed
w
a
s
a
ss
e
ss
e
d
by
a
n
a
lys
is
o
f
va
ri-
o
n
ce
(G
en
sta
l).
Fr
om
a
pl
ot
o
f
th
e
re
si
du
al
s
a
ga
in
st
fit
te
d
va
lu
es
,
a
pp
ro
pr
ia
te
tra
ns
fo
rm
at
io
ns
(sq
ua
re
ro
o
t
o
r
lo
g)
w
e
re
se
le
ct
ed
,
w
he
re
n
e
ce
ss
a
ry
,
to
im
pr
ov
e
ho
m
og
en
ei
ty
o
f
va
ria
nc
e.
Th
e
le
ve
ls
o
f
si
gn
ific
an
ce
gi
ve
n
in
th
e
pa
pe
r
a
re
de
riv
ed
fro
m
th
es
e
a
n
a
lys
es
bu
t,
fo
r
e
a
se
o
f
pr
es
en
ta
tio
n,
da
ta
a
re
gi
ve
n
a
s
a
rit
h-
m
e
tic
m
e
a
n
s
2
SE
M
.
Th
e
e
ffe
ct
o
f
co
rfi
so
l
im
pl
an
ta
-
tio
n
o
n
th
e
w
e
ig
ht
o
f
th
e
go
na
ds
fro
m
m
a
tu
re
fis
h
w
a
s
a
n
a
lys
ed
by
lin
ea
r
re
gr
es
sio
n
o
f
lo
g
go
na
d
w
e
ig
ht
a
ga
in
st
lo
g
bo
dy
le
ng
th
be
ca
us
e
o
f
th
e
a
llo
m
et
ric
re
la
-
tio
ns
hi
p
be
tw
ee
n
go
na
d
si
ze
a
n
d
bo
dy
si
ze
.
R
ES
UL
TS
Al
l
br
ow
n
a
n
d
ra
in
bo
w
tro
ut
re
co
ve
re
d
fro
m
th
e
im
pl
an
ta
tio
n
pr
oc
ed
ur
e.
Fi
ve
da
ys
po
st
im
pl
an
ta
tio
n,
m
o
rta
lit
ie
s
(du
e
to
Sa
p-
ro
le
gn
ia
in
fe
ct
io
n
a
n
d
pr
es
um
pt
ive
fu
ru
n-
cu
lo
si
s)
be
ga
n
to
o
cc
u
r
a
m
o
n
gs
t
co
rti
so
l-
im
pl
an
te
d
br
ow
n
tro
ut
a
n
d
by
18
da
ys
po
st
-
im
pl
an
ta
tio
n,
30
%
o
f
th
es
e
fis
h
ha
d
di
ed
.
Th
e
re
m
a
in
in
g
br
ow
n
tro
ut
w
e
re
sa
m
pl
ed
a
t
th
is
po
in
t.
R
ai
nb
ow
tro
ut
sh
ow
ed
a
lo
w
m
o
rta
lit
y
ra
te
(le
ss
th
an
6%
),
a
n
d
th
e
fis
h
w
e
re
sa
m
pl
ed
a
fte
r
36
da
ys
.
Br
ow
n
Tr
ou
t
Co
rti
so
l-i
m
pl
an
te
d
m
a
tu
rin
g
m
a
le
br
ow
n
tro
ut
ha
d
a
m
e
a
n
pl
as
m
a
co
rti
so
l
le
ve
l
o
f
35
n
g
m
l
co
m
pa
re
d
to
a
co
n
tro
l
fis
h
le
ve
l
o
f
2
n
g
m
1-
1
(P
<
0.
00
1,
Fi
g.
la
).
Co
rti
so
l
im
pl
an
ta
tio
n
ha
d
n
o
si
gn
ific
an
t
e
ffe
ct
o
n
e
i-
th
er
th
e
w
e
ig
ht
o
r
th
e
le
ng
th
o
f
fis
h
(F
igs
.
lb
a
n
d
lc
).
H
ow
ev
er
,
th
e
w
e
ig
ht
s
o
f
te
st
es
fro
m
co
rti
so
l-i
m
pl
an
to
d
fis
h
w
e
re
le
ss
th
an
th
os
e
o
f
co
n
tro
l
fis
h
(P
<
0.
05
,
Fi
g,
Id
).
Th
e
pl
as
m
a
le
ve
lo
f
te
st
os
te
ro
ne
in
co
rti
so
l-
im
pl
an
te
d
fis
h
w
a
s
re
du
ce
d
by
50
%
re
la
tiv
e
to
th
e
co
n
tro
l
fis
h
(P
C
0.
05
,
Fi
g.
le
).
H
ow
-
e
ve
r,
pl
as
m
a
le
ve
ls
o
f
1.
1-
ke
to
te
st
os
te
r-
o
n
e
w
e
re
n
o
t
si
gn
ific
an
tly
di
ffe
re
nt
be
-
tw
ee
n
th
e
tw
o
gr
ou
ps
(F
ig.
10
.A
n
a
ss
a
y
fo
r
17
a,
20
3-
P
w
a
s
pe
rfo
rm
ed
o
n
th
es
e
sa
m
pl
es
bu
t
le
ve
ls
w
e
re
fo
un
d
to
be
ve
ry
lo
w
a
n
d
n
e
a
r
th
e
de
te
ct
io
n
lim
it
o
f
th
e
a
ss
a
y
(ab
ou
t
50
pg
m
1-
1).
Th
e
pl
as
m
a
le
ve
l
o
f
go
na
do
-
tro
pi
n
in
co
rti
so
l-i
m
pl
an
te
d
fis
h
w
a
s
n
o
t
si
gn
ific
an
tly
di
ffe
re
nt
fro
m
th
e
co
n
tro
l
fis
h


(F
ig.
Ig
),
bu
t
th
e
pi
tu
ita
ry
gl
an
d
co
n
te
nt
o
go
na
do
tro
pi
n
w
a
s
si
gn
ific
an
tly
re
du
ce
d
b;
co
rti
so
l
a
dm
in
ist
ra
tio
n
(P
<
0.
05
,
Fi
g.
th
)
An
al
ys
is
o
f
th
e
te
st
es
w
e
ig
ht
s
o
f
th
is
gr
ou
i
o
f
fis
h
in
re
la
tio
n
to
bo
dy
le
ng
th
re
ve
a
le
i
th
at
co
rti
so
l
im
pl
an
ta
tio
n
si
gn
ific
an
tly
re
du
ce
d
te
st
es
w
e
ig
ht
in
a
bo
dy
si
ze
in
de
pe
nd
en
t
m
a
n
n
e
r
(P
<
0.
05
,
Fi
g.
2).
Co
rti
so
l-i
m
pl
an
te
d
se
xu
a
lly
m
a
tu
rin
g
fe
m
a
le
br
ow
n
tro
ut
ha
d
a
m
e
a
n
pl
as
m
a
co
rti
so
l
le
ve
l
o
f
80
n
g
m
r
1,
co
m
pa
re
d
to
th
i
le
ve
l
in
co
n
tro
l
fis
h
o
f5
n
g
m
r
(P
<
0.
00
1
Fi
g.
3a
).
Co
rti
so
l
a
dm
in
ist
ra
tio
n
ha
d
n
o
si
g
n
ific
an
t
e
ffe
ct
o
n
e
ith
er
th
e
w
e
ig
ht
o
r
ttu
le
ng
th
o
f
fis
h
(F
igs
.
3b
a
n
d
3c
),
bu
t
tin
w
e
ig
ht
s
o
f
o
va
rie
s
fro
m
co
rti
so
l-i
m
pl
an
te
i
fis
h
w
e
re
si
gn
ific
an
tly
lo
w
er
th
an
th
os
e
o
co
n
tro
l
fis
h
(P
<
0.
05
,
Fi
g.
3d
).
Th
e
le
ve
b
o
f
tw
o
se
x
st
er
oi
ds
de
te
rm
in
ed
w
e
re
si
gn
if
ic
an
tly
re
du
ce
d
by
co
rti
so
l
a
dm
in
ist
ra
tio
n
w
ith
17
B-
oe
st
ra
di
ol
a
n
d
te
st
os
te
ro
ne
a
t
3:
a
n
d
16
%
o
f
re
sp
ec
tiv
e
co
n
tro
l
le
ve
ls
(P
<
0.
05
,
Fi
gs
.
3e
a
n
d
30
.
Co
rti
so
l
im
pl
an
ta
tio
i
di
d
n
o
t
si
gn
ific
an
tly
a
ffe
ct
th
e
pl
as
m
a
go
n
a
do
tro
pi
n
le
ve
l
(F
ig.
3g
).
H
ow
ev
er
,
tin
go
na
do
tro
pi
n
CO
nt
en
to
f
th
e
pi
tu
ita
ry
gl
am
W
as
si
gn
ific
an
tly
re
du
ce
d
by
co
rti
so
l
tre
at
m
e
n
t
(P
<
0.
05
,
Fi
g.
3h
).
Th
e
pl
as
m
a
le
ve
o
ft
he
yo
lk
pr
ec
ur
so
r,
vi
te
llo
ge
ni
n,
w
a
s
a
ls
i
su
pp
re
ss
ed
by
co
rti
so
l,
to
o
n
ly
30
%
o
f
th
i
le
ve
l
in
co
n
tro
l
fis
h
(P
<
0.
01
,
Fi
g.
3i
).
Ra
in
bo
w
Tr
ou
t
Co
rti
so
l-i
m
pl
an
te
d
m
a
tu
rin
g
m
a
le
ra
in
bo
w
tro
ut
ha
d
a
m
e
a
n
pl
as
m
a
co
rti
so
l
le
ve
o
f
17
n
g
n
d
-
1.
w
he
re
as
co
n
tro
l
fis
h
ha
d
;
le
ve
l
o
f
1
n
g
rid
-
1
(P
<
0.
00
1,
Fi
g.
4a
)
Co
rti
so
l
im
pl
an
ta
tio
n
ha
d
n
o
e
ffe
ct
o
n
e
i
th
er
bo
dy
w
e
ig
ht
a
n
d
le
ng
th
o
r
te
st
el
w
e
ig
ht
(F
igs
.
4b
-4
d).
Th
e
pl
as
m
a
le
ve
ls
o
th
re
e
se
x
st
er
oi
ds
(te
sto
ste
ron
e,
11
ke
to
te
st
os
te
ro
ne
,
a
n
d
17
a,
20
0-
P)
w
e
re
de
te
rm
in
ed
in
th
es
e
fis
h
a
n
d,
in
a
ll
th
re
i
ca
se
s,
th
e
le
ve
l
o
f
ho
rm
on
e
in
co
rti
so
l
im
pl
an
te
d
fis
h
w
a
s
lo
w
er
th
e
co
n
tro
ls
H
ow
ev
er
,
n
o
n
e
o
f
th
es
e
re
du
ct
io
ns
w
e
n
st
at
is
tic
al
ly
si
gn
ific
an
t
(F
igs
.
4e
-4
g).
Th
i
pl
as
m
a
le
ve
l
o
f
go
na
do
tro
pi
n
w
a
s
si
gn
al
ca
n
dy
su
pp
re
ss
ed
in
co
n
is
ol
-im
pl
an
te
d
fis
l

(P
<
0.
05
,
Ft
g.
4h
),
a
lth
ou
gh
th
e
pi
tu
ita
ry
gl
an
d
go
na
do
tro
pi
n
co
n
te
nt
di
d
n
o
t
di
ffe
r
si
gn
ific
an
tly
(F
ig.
4i
).
Th
e
le
ve
lo
fc
o
rti
so
l
in
th
e
pl
as
m
a
o
fc
o
r-
tis
ol
-im
pl
an
te
d
se
xu
a
lly
im
m
at
ur
e
fe
m
al
e
ra
in
bo
w
tro
ut
w
a
s
30
n
g
m
1-
1,
co
m
pa
re
d
to
co
n
tro
l
fis
h
w
ith
a
le
ve
l
o
f
1
n
g
m
1-
1
(P
0.
00
1,
Fi
g,
5a
).
Bo
dy
le
ng
th
di
d
n
o
t
di
ffe
r
be
tw
ee
n
th
e
tw
o
gr
ou
ps
(F
ig.
5c
),
a
lth
ou
gh
th
e
w
e
ig
ht
o
f
e
o
rti
so
l-i
m
pl
an
te
d
fis
h
w
a
s
le
ss
th
an
co
n
tro
ls
(P
<
0.
05
,
Fi
g.
5b
).
Tw
o

re
pr
od
uc
tiv
e
pa
ra
m
et
er
s
w
e
re
de
te
rm
in
ed
in
im
m
at
ur
e
fe
m
al
e
fis
h.
Th
e
le
ve
l
o
f
17
B-
oe
st
ra
di
ol
w
a
s
lo
w
a
n
d
n
o
si
gn
ific
an
t
e
ffe
ct
o
fc
o
rti
so
l
w
a
s
de
te
ct
ed
(F
ig.
5d
),
bu
t
co
rti
so
l
di
d
su
pp
re
ss
th
e
pl
as
m
a
vi
te
llo
-
ge
ni
n
le
ve
ls
in
im
pl
an
te
d
fis
h
(P
<
0.
05
,
Fi
g.
5e
).
Co
rti
so
l-i
m
pl
an
te
d
se
xu
a
lly
im
m
at
ur
e
m
a
le
ra
in
bo
w
tro
ut
ha
d
a
pl
as
m
a
co
rti
so
l
le
ve
l
o
f
28
n
g
rn
r
1,
co
m
pa
re
d
to
co
n
tro
l
fis
h
w
ith
a
le
ve
l
o
f
1
n
g
m
1-
1
(P
<
0.
00
1.
IIM
B
M
O
M
a
M
N
0
IN
•
M
P
1111
a
•
a
a
al
IS
314
CARRACHER
ET
AL.
CO
RTISO
L
AN
D
R
EPRO
DUCTIO
N
IN
TRO
UT
315
1.54
1.56
1.55
1.46
1.41
1.50
1.52
Log
body
length
Flo.
2.
The
relationship
between
testes
w
eight
a
nd
body
length
in
co
ntrol
(0)
a
nd
catisol-im
planted
(II)
m
ature
m
ale
brown
trout.
The
tw
o
sets
of
data
can
be
described
by
the
regressions
(l081,
testes
w
eight
w
3.84
loam
fish
length
—
4.48;
co
ntrol
fish)
a
nd
(long,
testes
w
eight
w
3.74
log,,,
fish
length
—
4.43;
co
rtisol-irnplanted
fish).
An
F
test
for
parallelism
in
the
tw
o
lines
show
ed
that
•
co
m
m
o
n
gradient
(P
>
0.05)
w
a
s
adequate
to
describe
the
tw
o
data
sets
but
that
a
separate
intercept
w
a
s
required
(P
<
0.005).
Log
testes
w
eight
el30
t.
20
IL
10
00
0
n
o
.
3.
The
effect
of
e
a
rthed
im
plantation
o
n
se
xu
ally
m
aturing
fem
ale
brown
trout:
(a)
Plasm
a
tcdy
w
eight,
(c)
body
length,
(d)
o
va
ry
w
eight,
(e)
plasm
a
78-oestradiol,
(I)
plasm
a
testosterone,
(g)
plasm
a
gonadotropin
00
niluitarY
&and
gooadotroPin
a
n0
0210tralt,
a
nd
(I)
plasm
a
vitellogenin.
O
pen
colum
ns
represent
co
ntrol
fish
(n
w
19),
hatched
colum
ns
represent
co
r-
tisol-im
planted
G
sh(n
w
8).(*P
<
0.05,
"P
<
0.01,
m
e'
<
0.001). 30
?
20
Fig.
6a).
Body
w
eight
a
nd
length
w
e
re
n
ot
affected
by
co
rtisol
(Fig.
6b
a
nd
6c),
a
nd
n
either
w
a
s
the
o
n
e
reproductive
param
eter
determ
ined,
plasm
a
testosterone
(Fig.
64).
The
pituitary
glands
of
im
m
ature
fish
of
both
se
xe
s
w
e
re
n
ot
a
n
alysed
for
gonado-
tropin
because
levels
a
re
e
xtrem
ely
low
(Sumpter
a
nd
Scott,
1989).
D
ISCUSSIO
N
This
study
show
s
that
adm
inistration
of
co
rtisol
to
both
brown
a
nd
rainbow
trout
leads
to
reductions
in
a
n
u
m
ber
of
repro-
ductive
param
eters.
Such
studies
a
re
open
to
the
criticism
thatthesedeleterious
effects
of
co
rtisol
adm
inistration
a
re
a
se
co
ndary
co
n
sequence
of
the
poor
health
of
su
ch
fish.
It
is
w
ell
e
stablished
that
elevated
plasm
a
co
rtisol
levels
lead
to
reduced
dis-
e
a
se
re
sistance
a
nd
hence
a
n
increase
in
the
m
o
rtality
rate
of
fish
(Pickering
a
nd
D
us-
ton,
1983).It
is
also
w
ell
e
stablished
that
elevated
plasm
a
co
rtisol
levels
a
re
a
sso
ci-
ated
w
ith
reduced
growth
(Pickering
a
nd
Stewart,
1984),
im
paired
reproduction
(Pickering
et
al.,
1987a;
Sum
pter
et
al.,
1987),
a
nd
probably
other
regulatory
sys-
tem
s
that
have
n
otbeen
investigated
a
s
yet.
W
hat
is
presently
u
nknow
n
a
re
the
interre-
lationships
between
these
different
sys-
tem
s.In
the
present
study
w
e
do
n
ot
attrib-
ute
the
reduction
in
reproductive
function
to
a
direct
effect
of
co
rtisol
o
n
the
hypotha-
lam
ic—
pituitary—
gonadal
a
xis,
but
n
either
do
w
e
dism
iss
this
possibility.
Although
it
is
possible
that
the
reproduc-
tive
effects
a
re
se
co
ndary
to
the
reduced
health
of
the
fish,
there
is
so
m
e
e
vidence
a
vailable
suggesting
that
co
rtisol
ca
n
a
ctdi-
re
ctly
to
m
odify
horm
one
o
utput
from
re
-
productive
tissues.
For
e
xa
m
ple,
co
rtisol
suppresses
se
x
steroid
se
cretion
from
cul-
tured
rainbow
trout
o
va
rian
follicles
(Sumpter
cr
at,
1987)a
nd
gonadotropin
se
-
cretion
frorn
cultured
pituitary
glands
(un-
published
observations).
Such
studies
in
fish
a
re
strongly
supported
by
studies
u
sing
m
a
m
m
alian
tissues
(Bambino
a
nd
H
sueh,
1981;Padm
anabhan
el
at,
1983).
Further


support
for
this
hypothesis
ca
n
be
obtained
from
the
present
study,
by
e
xa
m
ining
in
m
o
re
detail
the
re
sults
from
the
co
rtisol-
im
planted
brown
trout.
For
e
xa
m
ple,
of
the
19
m
ale
brown
trout
sa
m
pled,
IIhad
visible
signs
of
disease,
w
hereas
8
did
n
ot.
The
diseased
fish
w
e
re
characterized
by
the
first
signs
of
Saprolegnia
infection
along
the
m
a
rgin
of
the
fins
(a
co
m
m
o
n
feature
in
se
x-
u
ally
m
ature
m
ale
brown
trout;
se
e
R
ich-
a
rds
a
nd
Pickering
(1978)).
It
has
been
show
n
that
the
degree
of
m
o
rbidity
is
di-
re
ctly
related
to
the
e
xtent
of
fungal
colo-
nization
(Richards
a
nd
Pickering,
1979)a
nd
in
n
o
w
ay
co
uld
the
fish
sa
m
pled
during
the
present
study
be
described
a
s
se
ve
rely
dis-
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4.
Th
e e
ffe
ct
o
f c
o
rt
iso
l im
pl
an
ta
tio
ncm
se
x
u
a
lly
m
a
tu
ri
ng
m
a
le
ra
m
bo
w
U
na
;
(a)
pl
as
m
a
co
rt
iso
l,
(b
) b
od
y
w
ei
gh
t,
(c)
bo
dy
le
ng
th
. (d
) t
es
te
s
w
ei
gh
t,
(e)
pL
as
m
ate
st
os
te
ro
ne
, (0
Pl
as
m
a
11
-k
et
ot
es
to
st
ao
ne
,(g
) p
la
sm
a1
70
,2
00
-d
ih
yd
ro
xy
-4
-P
re
an
co
-3
-o
ne(I7
a.2
01
1-F
).(b
) P
la
sm
ag
ol
lo
do
-
tr
op
in
(G
M
).
a
n
d0
pi
tu
ita
ry
gl
an
dg
on
ad
ot
ro
pi
n(G
IN
) c
o
n
te
nt
.O
pe
nc
o
lu
m
ns
re
pr
es
en
tc
o
n
tr
ol
fis
h(
it
IS
),h
at
ch
ed
co
lu
m
ns
re
pr
es
en
tco
rt
iso
l-i
m
pl
an
te
dfis
h (
n n
18
).(
*P
<
0.
05
,
•
•
*
.P
<
0.
00
1).
ea
se
d.
M
or
eo
ve
r,
w
he
n
th
e
da
ta
w
er
e
se
p-
ar
at
ed
o
n
th
e
ba
si
s
o
f
pr
es
en
ce
o
r
ab
se
nc
e
o
f
Sa
pr
ol
eg
ni
a
an
d
th
e
tw
o
gr
ou
ps
w
er
e
co
m
pa
re
d,
n
o
si
gn
ifi
ca
nt
di
ffe
re
nc
es
w
er
e
fo
un
d
(T
ab
le
I).
Th
is
ta
bl
e
pr
es
en
ts
th
e
re
-
su
lts
o
f
th
re
e
re
pr
od
uc
tiv
e
pa
ra
m
et
er
s
th
at
w
er
e
si
gn
ifi
ca
nt
ly
af
fe
ct
ed
by
co
rt
is
ol
im
-
pl
an
ta
tio
n
w
he
n
co
rt
is
ol
-im
pl
an
te
d
fis
h
W
er
e
co
n
si
de
re
d
as
a
si
ng
le
gr
ou
p
(se
e F
ig
.
1).
It
ca
n
be
se
en
fro
m
Ta
bl
e
I
th
at
bo
th
th
e
n
o
n
di
se
as
ed
an
d
di
se
as
ed
gr
ou
ps
sh
ow
ed
si
m
ila
rly
su
pp
re
ss
ed
te
st
es
w
ei
gh
ts
, p
la
sm
a
te
st
os
te
ro
ne
le
ve
ls
, a
n
d
pi
tu
ita
ry
gl
an
d
go
-
n
ad
ot
ro
pi
n
co
n
te
nt
s,
co
m
pa
re
d
to
th
e
co
n
-
tr
ol
s. Pr
ev
io
us
st
ud
ie
s
ha
ve
sh
ow
n
th
at
in
co
r-
po
ra
tin
g
co
rt
is
ol
in
to
in
tra
pe
rit
on
ea
l
co
co
a
bu
tte
r
im
pl
an
ts
gi
ve
s
a
co
n
st
an
t,
st
ab
le
,

lo
w
-le
ve
l r
el
ea
se
o
f t
he
st
er
oi
d.
Pl
as
m
ac
o
r-
tis
ol
le
ve
ls
ar
e
el
ev
at
ed
fo
r
se
ve
ra
l w
ee
ks
u
si
ng
th
is
pr
oc
ed
ur
e
(P
ick
er
ing
an
d
D
us
-
to
n,
19
83
; P
ic
ke
rin
g
an
d
Po
tti
ng
er
,
19
85
).
A
lth
ou
gh
di
ffe
re
nc
es
in
pl
as
m
ac
o
rt
is
ol
le
v-
el
s
w
er
e
fo
un
d
am
o
n
g
co
rt
is
ol
-im
pl
an
te
d
fis
h,
v
al
ue
s
w
er
e
17
-8
0
n
g
m
1-
1,
w
el
l
w
ith
in
th
e
ra
n
ge
re
po
rte
d
fo
r
ch
ro
ni
ca
lly
st
re
ss
ed
fis
h
(D
on
ald
so
n,
19
81
).
Fo
r
th
is
re
as
o
n
w
e
be
lie
ve
th
at
th
e
do
se
so
f c
o
rt
is
ol
gi
ve
n
to
th
e
fis
h
in
th
is
ex
pe
rim
en
t
ar
e
n
o
t
ph
ar
m
ac
ol
og
ic
al
an
d
he
nc
e
th
e
ef
fe
ct
s
o
n
re
pr
od
uc
tiv
e
fu
nc
tio
n
ar
e
lik
el
y
to
o
cc
u
r
to
ch
ro
ni
ca
lly
st
re
ss
ed
fis
h.
It
be
ca
m
e
o
bv
io
us
a
fe
w
da
ys
po
st
im
-
pl
an
ta
tio
n
th
at
th
er
e
w
as
a
di
ffe
re
nc
e
in
th
e
se
n
si
tiv
ity
o
f t
he
tw
o
tr
ou
t s
pe
ci
es
, w
ith
re
-
sp
ec
t t
o
di
se
as
er
es
is
ta
nc
e,
to
co
rt
is
ol
. T
hi
s
re
su
lte
d
in
th
e
de
at
h,
du
e
to
fu
ru
nc
ul
os
is
an
d/
or
Sa
pr
ol
eg
ni
a
in
fe
ct
io
n,
o
f 3
0%
o
f t
he
co
rt
is
ol
-im
pl
an
te
d
br
ow
n
tr
ou
t
be
tw
ee
n
D
ay
s
5
an
d
18
po
st
im
pl
an
ta
tio
n.
N
o
co
n
tr
ol


fis
h
di
ed
du
rin
g
th
e
sa
m
e
pe
rio
d.
R
ai
nb
ow
tr
ou
t
w
ith
co
rt
is
ol
im
pl
an
ts
su
ffe
re
d
o
n
ly
5%
m
o
rt
al
ity
o
ve
r
36
da
ys
,
an
d
ag
ai
n,
n
o
co
n
tr
ol
fis
h
di
ed
.
Th
is
ap
pa
re
nt
in
te
rs
pe
ci
fic
di
ffe
re
nc
e
in
se
n
si
tiv
ity
to
co
rt
is
ol
w
as
ac
co
m
pa
ni
ed
by
a
m
ar
ke
d
v
ar
ia
tio
n
in
pl
as
m
a
co
rt
is
ol
le
ve
ls
in
im
pl
an
te
d
fis
h.
Co
rti
so
l-i
m
pl
an
te
d
m
a-
tu
rin
g
m
al
e
br
ow
n
tr
ou
t h
ad
a
m
ea
n
pl
as
m
a
co
rt
is
ol
le
ve
l o
f
35
n
g
m
1-
1,
le
ss
th
an
ha
lf
th
e
le
ve
l o
f
id
en
tic
al
ly
tr
ea
te
d
m
at
ur
in
g
fe
-
m
al
e
fis
h
(P
<
0.
00
1).
In
ad
di
tio
n
to
se
x,
th
e
st
at
e
o
f m
at
ur
ity
al
so
ap
pe
ar
ed
to
af
fe
ct
th
e
le
ve
l o
f
co
rt
is
ol
in
th
e
pl
as
m
a
o
f
co
rt
is
ol
-
im
pl
an
te
d
fis
h.
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e
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m
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e
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h
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f
bo
th
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s
w
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id
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tic
al
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pl
an
ts
(17
cf
. 3
0
n
g
m
1-
1,
P
<
0.
00
1).
It
is
o
f
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th
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m
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e
m
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e
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r
I
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d
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FIG
.
6.
The
effect
of
co
rtisol
im
plantation
o
n
se
xu
ally
im
m
ature
m
ale
rainbow
trout:
(a)
Plasm
a
°prase!,
(b)
bod
w
etgh
,(c)
body
length.
a
nd
(d)
plasm
a
testosterone.
O
pen
colum
ns
represent
co
ntrol
fish
(n
7),
hatched
colum
ns
represent
co
nisol-im
planted
fish
(a
13).(••
•P
<
0001).
TABLE
I
A
CO
M
PAPJSO
N
O
F
SO
M
E
R
EPRO
DUCTIVE
PA
R
A
M
ETERS
B
ETW
EEN
VISIBLY
D
ISEASED
A
N
D
NO
NDISEASED
M
A
TURE
M
A
LE
B
RO
W
N
M
O
UT
IM
PLA
N
TED
W
ITH
CO
RTISO
L


N
ondiseased
(a
D
iseased
(/1II)
P
value
Controls
(a
18)
Testes
w
eight
(g)
13.8
1.2
16.9
1.3
0.11
21.4
±
1.7
10.9
2.5
7.2
IA
0.23
18.2
±
2.0
Testosterone
(ng
m
l
Pituitary
gonadotm
pin
(ag)
10.3
g
2.5
9.6
1.4
0.90
21.9
±
2.4
N
ote.
Levels
in
co
n
u
okm
piantedfish
are
included
for
co
m
parison.
N
ote
that
there
a
re
n
o
significant
differ-
e
n
ce
s
between
the
visibly
diseased
a
nd
n
o
ndiscased
trout
in
a
ny
of
these
patarneten,
although
they
w
a
e
significantly
suppressed
co
m
pared
to
co
ntrol-im
planted
fish.
co
rtisol-im
planted
fish
than
in
the
co
ntrol
fish,
but
the
differences
w
e
re
n
ot
signifi-
ca
nt.
Because
the
plasm
a
gonadotropin
lev-
els
w
e
re
sim
ilar
in
the
tw
o
se
xe
s
at
this
stage
of
se
xu
al
m
aturity
(see
also
Sum
pter
a
nd
Scott,
1989),
w
e
feltjustified
in
co
m
-
bining
data
from
the
tw
o
se
xe
s.
W
hen
this
w
a
s
done
there
w
a
s
a
significant
suppres-
sive
effect
of
co
rtisol
o
n
the
plasm
a
gonad-
otropin
level(P
<
0.05).
W
hen
m
aturing
m
ale
rainbow
trout
w
e
re
im
planted
w
ith
co
rtisol,
o
nly
o
n
e
reproduc-
tive
param
eter,
the
plasm
a
gonadotropin
level,
w
a
s
found
to
be
significantly
af-
fected.
This
further
suggests
that
rainbow
trout
a
re
less
se
n
sitive
than
brown
trout
to
chronic
co
rtisol
elevation,
although
again
this
co
n
clusion
is
co
m
plicated
because
plasm
a
co
rtisol
levels
differed
between
the
tw
o
groups.
Although
co
rtisol
im
plantation
affected
m
o
st
reproductive
param
eters
in
m
aturing
brown
trout
including
plasm
a
testosterone
levels
,plasm
a
levels
ofthe
other
a
ndrogen,
II-ketotestosterone
show
ed
n
o
su
ch
change.
This
suggests
that
the
e
n
zym
es
of
the
steroidogenic
pathway
m
ay
have
va
ry-
ing
se
n
sitivities
to
co
rtisol.
It
is
interesting
to
n
ote
that
a
cute
a
nd
chronic
stresses
af-
fected
plasm
a
testosterone
levels
to
a
greater
degree
than
I1-ketotestosterone
levels
in
m
ature
m
ale
brown
trout
(Picker-
ing
e
r
a).,
I987a).
The
present
study
also
re
ve
aled
that
the
detrim
ental
effects
of
chronic
co
rtisol
ele-
vation
o
n
reproductive
function
a
re
n
ot
re
-
stricted
to
fish
in
the
later
stages
of
m
atu-
rity,
but
ca
n
also
o
ccu
r
in
im
m
ature
fish.
Fem
ale
rainbow
trout
a
re
know
n
to
begin
preparing
for
spawning
o
ve
r
12
m
o
nths
be-
fore
the
e
ve
nt
(Sumpter
et
al.,
1984).
A
ve
ry
e
a
rly
indication
of
this
is
a
rise
in
the
plasm
a
level
of
vitellogenin,
the
precursor
m
olecule
for
yolk.
This
study
show
s
that
vitellogenin
production
ca
n
be
suppressed
by
low
plasm
a
levels
of
co
rtisol
in
se
xu
ally
im
m
ature
fish.
This
study
re
ve
als
that
chronic
co
rtisol


elevation,
to
w
ithin
the
ra
nge
typical
for
chronically
stressed
salm
onid
fish
(Donald-
so
n
,
1981),
reduced
the
level
ofgonadotro-
pin
in
the
plasm
a
of
m
aturing
m
ale
rainbow
trout
a
nd
brown
trout
(combined
data).
In-
terestingly,
a
cute
stress
elevated
the
plasm
a
gonadotropin
level
in
m
ature.trout
(Pickering
et
al.,
I987a).
This
differential
re
sponse
of
the
gonadotropes
to
a
cute
o
r
chronic
stresses
is
sim
ilar
to
the
pattern
found
in
so
m
e
m
a
m
m
als
(Gray
et
al.,
1978;
D
ucharm
e
et
al.,
1982),but
the
m
e
chanism
is
still
u
nknow
n.
The
n
otion
that
stress
detrim
entally
af-
fects
reproduction
in
fishes
is
n
ot
n
e
w
.
W
hat
has
been
lacking
prior
to
this
a
nd
o
u
r
e
a
rlier
studies
(Pickering
et
al.,
1987a;
Sum
pter
et
al.,
1987)is
a
nything
m
o
re
than
fragm
entary
o
r
circum
stantial
e
vidence
that
the
tw
o
a
re
linked
(see
Bry
a
nd
Zohar,
1980;Zohar,
1980;G
illet
et
al.,
1981).In
the
present
study
w
e
have
dem
onstrated
that
co
rtisol
elevation
is,
atleastpartly,
re
spon-
sible
for
the
suppressive
effects
of
a
cute
a
nd
chronic
stress
o
n
the
reproductive
e
n
-
docrinology
of
trout.
W
ork
is
n
o
w
n
e
eded
to
identify
the
precise
m
e
chanism
s
through
w
hich
these
effects
a
re
m
ediated
a
nd
to
e
x-
a
m
ine
the
biological
co
n
sequences,
in
term
s
of
fecundity,
gam
ete
quality;
off-
spring
viability,
a
nd
o
ve
rall
reproductive
su
cce
ss,
of
incidences
of
stress
during
se
x-
u
al
m
aturation.
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ra
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fem
ales.
Although
se
x
steroid
a
nd
vitellogenin
levels,
w
hich
a
re
thought
to
be
regulated
by
gonadotro-
pin,
w
e
re
suppressed,
plasm
a
gonadotropin
levels
w
e
re
n
ot.
In
both
m
ales
a
nd
fem
ales,
plasm
a
gonadotropin
levels
w
e
re
low
er
in
0
1
•
IO
N
IS
W
O
1•
11
1
a
a
O
M
O
M
IS
•
32
0
CA
RR
AG
HE
R
ET
AL
.
CO
RT
1S
O
L
AN
D
R
EP
R
O
DU
CT
IO
N
IN
TR
O
UT
32
1
fo
r
st
at
is
tic
al
a
dv
ice
.
W
e
a
re
gr
at
ef
ul
to
N
ER
C
a
n
d
M
AF
F
fo
r
fin
an
cia
l
su
pp
or
t.
R
EF
ER
EN
CE
S
Ar
m
st
ro
ng
,
D
.
T.
(19
86
).
En
vi
ro
nm
en
ta
l
st
re
ss
a
n
d
o
va
ria
n
fu
nc
tio
n.
Bi
ol
.
R
ep
ro
d.
34
,
29
-
39
.
Ba
m
bi
no
,
T.
H
.,
a
n
d
H
su
eh
.
A.
J.
W
.
(19
81
).
D
ire
ct
in
hi
bi
to
ry
e
ffe
ct
o
f
gl
um
eo
rti
co
id
s
u
po
n
te
st
ic
ul
ar
lu
te
in
iz
in
g
ho
rm
on
e
re
ce
pt
or
a
n
d
st
er
oi
do
ge
ne
sis
in
vi
vo
a
n
d
in
vi
tro
.
En
do
cr
in
ol
og
y
10
8,
21
42
-
21
48
.
Bu
lla
rd
,
R
.,
Br
y,
C.
,
a
n
d
G
ille
t,
C.
(19
81
).
St
re
ss
,
e
n
-
vi
ro
nm
en
t
a
n
d
re
pr
od
uc
tio
n
in
te
lc
os
t
fis
h.
In
"
St
re
ss
a
n
d
Fi
sh
"
(A
.
D
.
Pi
ck
er
in
g
Ed
)
PP
18
5-
20
8.
Ac
ad
em
ic
Pr
es
s,
N
ew
Yo
rk
fL
on
do
n.
Br
y,
C.
,
a
n
d
Zo
ha
r,
Y.
(19
80
).
D
or
sa
l
a
o
rta
ca
th
et
er
.
iz
at
io
n
in
ra
in
bo
w
tro
ut
(S
alm
o
ga
ird
ne
n).
G
lu
co
-
co
rti
co
id
le
ve
ls
,
ha
em
at
ol
og
ica
l
da
ta
a
n
d
re
su
m
p-
tio
n
o
f
fe
ed
in
g
du
rin
g
fiv
e
da
ys
a
fte
r
su
rg
er
y.
R
e-
pr
od
.
M
ar
.
D
en
.
20
,
18
25
-
18
34
.
Co
pe
la
nd
,
P.
A.
,
Su
m
pt
er
,
J.
P.
,
W
al
ke
r,
T.
K.
,
a
n
d
Cr
of
t,
M
.
(19
86
).
Vi
te
llo
ge
ni
n
le
ve
ls
in
m
a
le
a
n
d
fe
m
al
e
ra
in
bo
w
tro
ut
(S
alm
o
ge
tir
dn
er
i
R
ic
h.
)
a
t
va
rio
us
st
ag
es
o
f
th
e
re
pr
od
uc
tiv
e
cy
cle
.
Co
m
p.
Bi
oc
he
m
.
Ph
ys
io
l.
B
83
.
48
7-
49
3.
D
ev
ic
he
,
P.
,
H
ey
ns
,
W
.,
Ba
lth
az
ar
t,
J.
,
a
n
d
H
en
dr
ick
,
J.
C.
(19
79
).
In
hi
bi
tio
n
o
f
LH
pl
as
m
a
le
ve
ls
by
co
rti
co
st
er
on
e
a
dm
in
ist
ra
tio
n
in
th
e
m
a
le
du
ck
lin
g
(A
na
s
pl
at
yr
hy
nc
lu
ts
).
IR
CS
M
ed
.
Sc
l.
7,
62
2.
D
on
al
ds
on
,
E.
M
.
(19
81
).
Th
e
pi
tu
ita
ry
-in
te
ne
na
l
a
xi
s
a
s
a
n
in
di
ca
to
r
o
f
st
re
ss
in
fis
h.
In
"
St
re
ss
a
n
d
Fi
sh
"
(A
.
D
.
Pi
ck
er
in
g.
Ed
.),
pp
.
11
-4
7.
Ac
a-
de
m
ic
Pr
ea
s,
N
ew
Ya
tfL
on
do
n.
D
uc
ha
rm
e,
J.
R
.,
Ta
ch
e.
Y.
.
Ch
ar
pc
ne
t,
G
.,
a
n
d
Co
lin
,
R
.(1
98
2).
Ef
fe
ct
s
o
f
st
re
ss
o
n
th
e
hy
po
th
a-
la
m
ic
-p
itu
ita
ry
-te
st
icu
la
r
fu
nc
tio
n
in
ra
ts
.
I.
"
Br
ai
n
N
eu
ro
pe
pt
id
es
a
n
d
H
or
m
on
es
"
(R
.
Co
Uu
e
t
e
d.
,
Ed
s.
).
pp
.
30
5-
31
7.
R
av
en
Pr
es
s.
N
ew
Yo
rk
.
G
ille
t,
C.
.
Bi
lla
rd
.
R
.,
le
d
B
M
ee
S.
(19
80
.
La
re
'
pr
od
uc
tio
n
du
po
iss
oo
ro
u
ge
Ca
ra
ss
lu
s
a
u
ra
tu
s
Cl
ev
e
I
30
•C
.
Ef
fe
t
de
la
ph
ot
op
nr
io
de
,
de
l'a
lim
en
ta
tio
n
e
t
de
l'o
xy
gé
na
tio
n.
Ca
li.
La
b.
M
on
te
re
au
It,
49
-
56
.
G
ra
y.
G
.
D
..
Sm
ith
,
E
R
.,
D
am
as
sa
.
D
.
A.
,
Eh
ne
n-
kr
an
z,
J.
R
.
L.
.
a
n
d
D
av
id
so
n,
J.
M
.
(19
78
).
N
eu
-
ro
e
n
do
cr
in
e
m
e
ch
an
is
m
s
m
e
di
at
in
g
th
e
su
pp
re
s-
si
on
o
f
ci
rc
ul
at
in
g
te
st
os
te
ro
ne
le
ve
ls
a
ss
o
ci
at
ed
w
ith
ch
ro
ni
c
st
re
ss
in
m
at
e
ra
ts
.
N
eu
ro
en
do
cr
in
ol
-
o
a
y
25
,
24
7-
25
6.
Ku
pw
ai
de
,
V.
A.
.
a
n
d
Sa
id
ap
ur
,
S.
K.
(19
87
).
Ef
fe
ct
o
f
de
xa
m
et
ha
so
cie
a
n
d
AC
TH
o
n
co
o
t
&n
in
th
a
n
d
re
cr
u
itm
en
t
In
th
e
D
og
R
an
a
cy
an
ap
hl
ya
ls
du
rin
g
th
e
pr
o:
br
ee
di
ng
vi
te
llo
ge
ni
e
ph
as
e.
G
en
.
Co
m
p.
En
do
cr
in
e!
.
65
,
39
4-
39
8.
La
nc
e,
V.
A.
,
a
n
d
El
se
y.
R
.
M
.(1
98
6).
St
re
ss
-in
du
ce
d
su
pp
re
ss
io
n
o
f
te
st
os
te
ro
ne
se
cr
e
tio
n
in
m
a
le
a
lli-
ga
to
rs
.
J.
Et
a.
Zo
ol
.
23
9,
24
1-
24
6.
Li
ch
t,
P.
.
M
cC
re
er
y,
B.
R
.,
Ba
rn
es
.
R
.,
a
n
d
Pa
ng
,
P.
(19
83
).
Se
as
on
al
a
n
d
st
re
ss
re
la
te
d
ch
an
ge
s
in
pl
as
m
a
go
na
do
tro
pi
ns
,
se
x
st
er
oi
ds
,
a
n
d
co
rti
co
-
st
er
on
e
in
th
e
bu
llfr
og
,
R
an
a
ca
te
sb
el
an
o.
G
en
.
Co
rn
p.
En
do
cr
in
ol
.
50
,
12
4-
14
5.
M
an
n,
D
.
R
.,
Ja
ck
so
n,
G
.
G
.,
a
n
d
Bl
an
k,
M
.
S.
(19
82
).
In
flu
en
ce
o
f
a
dr
en
oc
or
tic
ot
ro
pi
n
a
n
d
a
d-
re
n
a
le
ct
om
y
o
n
go
na
do
tro
pi
n
se
cr
e
tio
n
in
im
m
a.
tu
rn
ra
ts
.
N
eu
ro
en
do
cr
in
ol
og
y
34
,
20
-2
6.
M
ob
er
g.
G
.
P.
(19
8$
).
In
flu
en
ce
o
f
st
re
ss
o
n
re
pr
od
uc
-
tio
n:
M
ea
su
re
o
f
w
e
ll-
be
in
g.
In
"
An
im
al
St
re
ss
"
(G
.
P.
M
ob
er
g,
Ed
.),
pp
.
24
5-
26
7.
Am
er
ic
an
Ph
ys
ic!
So
c
Be
th
es
da
.
M
D
.
M
oo
re
,
F.
L.
.
a
n
d
Zo
el
le
r,
R
.
T.
(19
85
).
St
re
ss
-
in
du
ce
d
in
hi
bi
tio
n
o
f
se
xu
a
l
re
pr
od
uc
tio
n:
Ev
i-
de
nc
e
o
f
su
pp
re
ss
ed
se
cr
e
tio
n
o
f
LE
I.R
H
in
a
n
a
m
ph
ib
ia
n.
G
en
.
Co
m
p.
En
do
cr
in
ol
.
60
.
25
2-
25
8.
N
or
be
rg
,
B.
n
o
d
H
au
g.
C.
(19
18
).
A
ho
m
ol
og
ou
s
ra
-
di
oi
m
m
un
oa
ss
ay
fo
r
br
ow
n
tro
ut
(S
ali
na
tro
na
)
vi
te
llo
ge
ni
n.
Fa
h
Ph
ys
io
l.
Bi
oc
he
m
.
5.
59
-6
8.
Pa
dm
an
ab
ha
n,
V.
,
Ke
tc
h,
C.
,
a
n
d
Co
nv
ey
,
E.
M
.
(19
83
).
Co
ni
so
l
in
hi
bi
ts
a
n
d
a
dr
en
oc
or
tic
ot
ro
pi
n
ha
s
n
o
e
ffe
ct
o
n
lu
te
in
iz
in
g
ho
rm
on
e-
re
le
as
in
g
ho
rm
on
e-
in
du
ce
d
M
ai
m
o
f
lu
te
in
iz
in
g
ho
rm
on
e
fro
m
bo
vin
e
pi
tu
ita
ry
ce
lls
in
vi
tro
.
En
do
cr
in
ol
og
y
11
2.
17
82
-1
78
7.
Pe
tit
te
,
J.
N
..
a
n
d
Et
ch
es
R
.
1
(19
88
).
Th
e
e
ffe
ct
o
f
co
rti
co
st
er
on
e
o
n
th
e
ph
ot
op
er
io
di
c
re
sp
on
se
o
f
im
m
at
um
he
m
.
G
en
.
Co
m
p.
En
do
cr
in
ot
69
,
42
4-
43
0.
Pi
ck
er
in
g,
A.
D
.,
a
n
d
D
us
to
n,
J.
(19
8))
.
Ad
m
in
ist
ra
-
tio
n
o
f
co
rti
so
l
to
br
ow
n
tro
ut
,
Sa
lm
o
m
in
a
L.
,
a
n
d
its
e
ffe
ct
s
o
n
th
e
su
sc
e
pu
bi
lity
to
Sa
pr
ol
eg
ni
a
in
fe
ct
io
n
a
n
d
fir
m
:a
cid
os
is.
J.
Fa
h
Bi
ol
.
23
,
16
3-
17
5.
Pi
ck
er
in
g,
A.
D
..
a
n
d
Po
tti
ng
er
,
T.
0.
(19
8$
).
Co
ni
so
l
ca
n
in
cr
ea
se
th
e
su
sc
e
pu
bi
lity
o
f
br
ow
n
tro
ut
,
Sa
lm
o
in
tri
a
L.
,
to
di
se
as
e
w
ith
ou
t
re
du
cin
g
th
e
w
hi
te
bl
oo
d
ce
ll
co
u
n
t.
J.
Fi
sh
Bi
ol
.
27
,
61
1-
61
9.
Pi
ck
er
in
g,
A.
D
.,
Po
tti
ng
er
.
T.
0.
,
Ca
rra
gh
er
,
J.
F.
,
a
n
d
Su
m
pt
er
,
J.
P.
(19
87
a).
Th
e
e
ffe
ct
s
o
f
sa
n
e
a
n
d
ch
ro
ni
c
st
re
ss
o
n
th
e
le
ve
ls
o
f
re
pr
od
uc
tiv
e
ho
rm
on
es
in
th
e
pl
as
m
a
o
f
m
a
tu
re
m
a
le
br
ow
n
tro
ut
,
Sa
in
to
In
di
a
L.
G
en
.
Co
m
p.
En
do
cr
in
ol
.
68
,
24
9-
25
9.
Pi
ck
ai
ng
,
A.
D
.,
Po
tti
ng
er
,
tO
.,
a
n
d
Ch
ris
tie
,
P.
19
82
.
R
ec
ov
er
y
o
f
br
ow
n
tro
ut
.
&t
im
e
In
di
a
L,
fro
m
m
a
de
ha
nd
lin
g
st
re
ss
A
tim
e
co
u
rs
e
st
ud
y.
J.
Fi
sh
Bi
ol
.
20
,
72
9-
24
4.
Pi
ck
er
in
g.
A.
D
.,
Po
tti
ng
er
,
T.
0.
,
a
n
d
Su
m
pt
er
,
1.
P.
(19
11
7b
).
O
n
th
e
u
se
o
f
de
xa
m
eh
as
on
e
to
bl
oc
k
th
e
pi
tu
ita
ry
-in
te
rre
tu
d
a
xi
s
in
th
e
br
ow
n
tro
ut
,
Sa
ba
n
tru
th
s
L.
G
en
.C
om
p.
En
do
cr
in
ol
.
65
,
34
6 -
35
3.
Pi
ck
er
in
g,
A.
D
.,
e
n
d
St
ew
ar
t,
A.
(19
84
).
Ac
cl
im
at
io
n
o
f
th
e
in
te
rre
na
l
tis
su
e
o
f
th
e
br
ow
n
tro
ut
.
Sa
lm
o
tru
tm
L.
,
to
ch
ro
ni
c
cr
o
w
di
ng
st
re
ss
.
J.
Fi
sh
Bi
ol
.
24
,
73
1-
74
0.
Po
tti
ng
er
,
T.
G
.,
a
n
d
Pi
ck
er
in
g,
A.
D
.
(19
85
).
Ch
an
ge
s
in
sk
in
st
ru
ct
ur
e
a
ss
o
ci
at
ed
w
ith
e
le
va
te
d
a
n
dr
o-
ge
n
kv
el
s
in
m
a
tu
rin
g
m
a
le
br
ow
n
tro
ut
,
Sa
lm
o
tru
na
L.
J.
Fi
sh
Bi
ol
.
26
,
74
5 -
75
3.
R
ic
ha
rd
s,
R
.
H
.,
a
n
d
Pi
ck
er
in
g,
A.
D
.
(19
78
).
Fr
e-
qu
en
cy
a
n
d
di
st
rib
ut
io
n
pa
tte
rn
s
o
f
Sa
pr
ol
eg
ni
a
in
fe
ct
io
n
in
w
ild
a
n
d
ha
tc
he
ry
-re
ar
ed
br
ow
n
tro
ut
,
,
Sa
IT
O
In
di
a
L.
,
a
n
d
ch
ar
,
Sa
ln
el
in
us
a
lp
in
us
J.
Fi
sh
D
ir.
1.
69
-
82
.
R
ic
ha
rd
s,
R
.
H
.,
a
n
d
Pi
ck
er
in
g,
A.
D
.
(19
79
).
Ch
an
ge
s
in
se
ru
m
pa
ra
m
et
er
s
o
f
So
pr
ol
eg
ni
a.
in
fe
ct
ed
br
ow
n
tro
ut
,
Sa
lm
o
in
nt
o
L.
J.
Fi
sh
D
is
.
2,
19
7-
20
6.
Sa
ffo
rd
.
S.
E.
,
a
n
d
Th
om
as
,
P.
(19
87
).
Ef
fe
ct
s
o
f c
a
p-
tu
re
a
n
d
ha
nd
lin
g
o
n
th
e
ci
rc
ul
at
in
g
le
ve
ls
o
f g
o-
n
a
da
l
st
er
oi
ds
a
n
d
co
rti
so
l
in
th
e
sp
ot
te
d
se
st
ro
ut
.
Cy
no
sc
io
n
n
e
bu
lo
su
s.
In
"
R
ep
ro
du
ct
ive
Ph
ys
io
l-
o
gy
o
f
Fi
sh
"
(D
.
R
.
Id
le
r,
L.
W
.
Cr
im
,
a
n
d
I.
M
.
W
al
sh
,
Ed
s.
),
p.
31
2.
M
em
or
ia
l
Un
ive
rs
ity
Pr
es
s,
St
.
Jo
hn
's.
Sa
po
lsk
y,
R
.
M
.
(19
85
).
St
re
ss
-in
du
ce
d
su
pp
re
ss
io
n
o
f
te
st
ic
ul
ar
fu
nc
tio
n
in
th
e
w
ild
ba
bo
on
:
R
ol
e
o
f g
lu
-
co
co
rti
co
id
s.
En
do
cr
in
ol
og
y
11
6,
22
73
-2
27
8.
Sc
ot
t,
A.
P.
,
Sh
el
dr
ick
,
E.
L.
.
a
n
d
Fl
in
t.
A.
P.
F.
(19
82
).
M
ea
su
re
m
en
t
o
f
17
a.
20
0-
di
hy
dr
ox
y-
4-
pr
eg
ne
n-
3-
on
e
in
pl
as
m
a
o
f
tro
ut
(S
alm
o
ga
ird
-
n
e
ri
R
ic
ha
rd
so
n):
Se
as
on
al
ch
an
ge
s
a
n
d
re
sp
on
se
to
sa
lm
on
pi
tu
ita
ry
e
xt
ra
ct
.
G
en
.
Co
nt
p.
En
do
.
cr
in
ol
.
46
,
44
4-
45
1.
Si
eg
el
.
H
.
S.
(19
80
).
Ph
ys
io
lo
gi
ca
l
st
re
ss
in
bi
rd
s.
R
io
-
Sc
ie
nc
e
30
,
52
9-
53
4.
St
ep
he
ns
.
D
.
B.
(19
80
).
Su
es
s
a
n
d
its
m
e
a
su
re
m
e
n
t
in
do
m
es
tic
a
n
im
al
s:
A
re
vi
ew
o
f
be
ha
vio
ur
al
a
n
d
ph
ys
io
lo
gi
ca
l
st
ud
ie
s
u
n
de
r
fie
ld
a
n
d
la
bo
nt
or
y
co
n
di
tio
ns
.
Ad
v.
Ve
t.
Sc
i.
Co
m
p.
M
ed
.
24
,
17
9-
21
0.
Su
m
pt
er
,
j.
P.
(19
85
).
Th
e
pu
rif
ica
tio
n,
ra
di
oi
ra
m
un
o-
a
ss
a
y
a
n
d
pl
as
m
a
le
ve
ls
o
f
vi
te
llo
ge
ni
n
fro
m
th
e
ra
in
bo
w
tro
ut
,
Se
lm
a
ga
ird
ne
ri.
In
.
"
Cu
rre
nt
Tr
en
ds
in
Co
m
pa
ra
tiv
e
En
do
cr
in
ol
og
y"
(B
. L
of
ts
a
n
d
W
.
N
.
H
ol
m
es
,
Ed
s.
),
pp
.
35
5-
35
7.
H
on
g
Ko
ng
Un
iv.
Pr
es
s,
H
on
g
Ko
ng
.
Su
m
pt
er
,
J.
P.
,
Ca
rra
gh
er
,
J.
F.
,
Po
tti
ng
er
,
T.
G
.,
a
n
d
Pi
ck
er
in
g,
A.
D
.
(19
87
).
Th
c
in
te
ra
ct
io
n
o
f
st
re
ss
a
n
d
re
pr
od
uc
tio
n
in
tro
ut
.
In
"
R
ep
ro
du
ct
ive
Ph
ys
io
lo
gy
o
f
Fi
sh
"
(D
.
R
.
Id
le
r,
L.
W
.
Cr
in
t,
a
n
d
J.
M
.
W
al
sh
,
Ed
s.
),
pp
.
29
9-
30
2.
M
em
or
ia
l
Un
ive
rs
ity
Pr
es
s,
St
.
Jo
hn
's.
Su
m
pt
er
.
J.
P.
,
a
n
d
Sc
ot
t,
A.
P.
(19
89
).
Se
as
on
al
va
ri-
a
tio
ns
in
pl
as
m
a
a
n
d
pi
tu
ita
ry
le
ve
ls
o
f
go
na
do
tro
-
pi
n
in
m
a
le
s
a
n
d
fe
m
al
es
o
f
tw
o
st
ra
in
s
o
f
ra
in
bo
w
tro
ut
(S
alm
o
ga
ird
ne
n).
G
en
.
Co
m
p.
En
do
cr
in
ol
.
75
,
37
6-
38
8.
Su
m
pt
er
,J
.
P.
,
Sc
ot
t,
A.
P.
.
Ba
yn
es
,
S.
M
.,
a
n
d
W
it-
th
em
es
,
P.
R
.
(19
84
).
Ea
rly
st
ag
es
o
f
th
e
re
pr
o-
du
ct
ive
cy
cle
in
vi
rg
in
fe
m
al
e
ra
in
bo
w
tro
ut
(S
alm
°
ga
ird
ne
ri
R
ic
ha
rd
so
n).
Aq
ua
cu
ltu
re
43
,
23
5-
24
2.
Th
ib
ie
r,
M
.,
a
n
d
R
ol
la
nd
,
A.
(19
76
).
Th
e
e
ffe
ct
o
f
de
xa
m
et
ha
so
ne
(D
XM
)
o
n
ci
rc
ul
at
in
g
te
st
os
te
r-
-
o
n
e
(1)
a
n
d
lu
te
in
iz
in
g
ho
rm
on
e
(LH
)
io
yo
un
g
po
st
pu
be
rta
l
bu
lls
.
Th
er
io
ge
no
lo
gy
5,
53
-5
9.
W
el
sh
,
T.
H
.,
Jr
..
a
n
d
Jo
hn
so
n,
B.
H
.
(19
81
).
St
re
ss
-
in
du
ce
d
a
lte
ra
tio
ns
in
se
cr
e
tio
n
o
f
co
rti
on
te
ro
id
s,
pr
og
es
te
ro
ne
,
lu
te
in
iz
in
g
ho
rm
on
e
a
n
d
te
st
os
te
r-
o
n
e
in
bu
lls
.
En
do
cr
in
ol
og
y
10
9,
18
5-
19
0.
W
ils
on
,
F.
E.
,
a
n
d
Fo
lle
tt,
B.
K.
(17
76
).
Co
rti
co
st
e-
ru
n
e
-in
du
ce
d
go
na
do
su
pp
re
ss
io
n
in
ph
ot
os
tim
u-
la
te
d
tre
e
sp
an
ow
s.
Li
fe
Sc
i.
17
.
14
51
-1
45
6.
Zo
ha
r,
Y.
(19
80
).
D
or
sa
l
a
o
rta
ca
th
et
er
iz
at
io
n
in
ra
in
-
bo
w
tro
ut
(S
alm
o
ga
ird
ne
n):
Its
va
lid
ity
in
th
e
st
ud
y
o
f
bl
oo
d
go
na
do
tro
pi
n
pa
tte
rn
s.
R
ep
ro
d.
N
ut
r.
D
en
.
24
1,
18
11
-1
11
23
.
•
AM
11•1
•
M
I
O
M
O
NI
IS
M
I
a
Ille
IS
a
a
IS
a
a
M
I
O
M
Freshw
ater
Biology
(1989)
21,47
-35
Introduction
Sudden
fish
kills,
a
s
a
re
sult
of
rapid,
deleterious
changes
in
the
aquatic
e
n
vironm
ent,
a
re
all
too
fam
iliar
to
fishery
biologists.
H
ow
ever,
a
m
o
re
gradual
deterioration
of
e
n
vironm
ental
co
ndi-
tions
rn
aygo
u
ndetected
e
ve
n
w
hen
the
fishery
is
in
se
rious
decline.
Under
su
ch
circum
stances,
e
n
vironm
ental
stresses,
although
n
ot
directly
lethal
them
selves,
m
ay
reduce
the
probability
of
su
rvival
offish
stocks
by
increasing
their
su
scep-
tibility
to
disease(W
edemeyer,
1970;Snicsako,
1974)
a
nd
by
reducing
reproductive
su
cce
ss
(June,
1977).
Until
re
ce
ntly,
little
w
a
s
know
n
of
the
physiological
a
nd
e
ndocainological
changes
Correspondence:D
r
A.
D
.
Pickering,Freshw
ater
BiologicalAssociation,The
Ferry
H
ouse,Am
bleaide,
Cum
bria
1-A22O
LP.

re
sponsible
for
this
decrease
in
disease
re
sist-
a
n
ce;
e
ve
n
less
w
a
s
know
n
about
the
m
e
cha-
nism
s
inhibiting
reproduction
(see
H
illard,
Bry
&
G
illet,
1981).
H
ow
ever,
during
the
past
decade,
e
vidence
has
a
ccu
m
ulated
w
hich
show
s
that
e
xce
ssive
o
r
prolonged
stim
ulation
of
the
hypothalam
io-pituitary-interrenal
(HPI)
a
xis
is
a
m
ajor
factor
in
the
m
ediation
of
su
ch
changes.
Thc
present
paper
re
view
s
so
m
e
of
the
re
ce
nt
literature
in
this
field
a
nd
draws
heavily
o
n
o
u
r
o
w
n
e
xperim
ental
studies
w
ith
the
brown
trout,
Salm
°
m
u
m
L.
M
uch
of
the
o
riginal
w
o
rk
e
m
phasizes
the
aquacultural
a
spects
of
both
a
cute
a
nd
chronic
stress
but
the
physiological
a
nd
e
ndocrinological
changes
that
o
w
n
in
stressed
trout
appear
to
have
se
ve
ral
co
m
m
o
n
co
m
ponents,
irrespective
of
the
n
ature
of
the
stress.Consequently,
su
ch
studies
have,im
por-
tant
im
plications
for
u
nderstanding
how
48
A.
D
.
Pickering
e
n
vironm
ental
stresses
m
ay
influence
n
atural
fish
populations.
Stress
a
nd
the
hypothalam
ic-pituitary-
interrenal
(FIPI)
a
xis
The
H
PI
a
xis,
a
ce
ntral
co
m
ponent
of
the
fish's
e
ndocrine
system
,
co
n
sists
of
a
hierarchy
of
horm
onal
pathways
co
ntrolling
the
se
cretion
of
co
rticosteroids
into
the
blood
stream
(see
D
onaldson,
1981,
for
details).
Corticotropin
releasing
factor
(CRF)
from
the
hypothalam
us
stim
ulates
the
release
of
adrenocorticotropin
(ACTH)
from
the
pituitary
gland
w
hich,
in
turn,
prom
otes
the
synthesis
a
nd
release
of
co
rtico-
steroids
from
the
interrenal
tissue
(Fryer
&
Peter,
1977).
Cortisol
is
the
principal
co
rtico-
steroid
in
salm
onid
fish
(Henderson
&
G
arland,
1980)
a
nd
is
released
in
re
sponse
to
m
o
st,
if
n
ot
all,
form
s
of
e
n
vironm
ental
stress(Donaldson,
1981).
Corticosteroids
a
re
catabolic
horm
ones
capable
of
prom
oting
gluconcogenesis
(Storer,
1967;
Chan
&
W
oo,
1978;
Leach
&
Taylor,
1982)
a
nd
stim
ulating
lipolysis
(Lidman
et
al.,
1979;D
ave
et
at,
1979;Sheridan,
1986)
a
nd
it
se
e
m
slikely
that
su
ch
e
n
e
rgy-m
obilizing
proper-
ties
a
re
of
adaptive
value
a
s
the
fish
attem
pts
to
a
void
o
r
o
ve
rco
m
e
the
im
m
ediate
threat.
H
ow
ever,
direa
e
vidence
of
the
advantage
of
elevated
blood
co
rtisol
levels
in
stressed
fish
has
yet
to
be
produced.
•
Blood
o
o
rtisol
levels
in
brown
trout
a
re
rapidly
elevated
in
re
sponse
to
physical
stresses
su
ch
a
s
handling
a
nd
co
nfinem
ent
(Pickering,
Pottinger
&
Christie,
1982),
to
the
chem
ical
stresses
of
m
alachite
green
a
nd
form
alin
treat-
m
e
nt(Pickering
&
Pottinger,
1984,
1985a)
a
nd
to
the
stress
of
o
ve
rcro
wding
(Pickering
&
Stewart,
1984;Pickering
&
Pottinger,
I987c).
In
general,
thecortisol
re
sponse
of
trout
to
a
n
a
cute
stress(i.e.
a
stress
of
shortduration
in
w
hich
the
tim
e-course
of
the
re
sponse
of
the
fish
is
m
u
ch
greater
than
that
ofthe
stressitself)
m
o
n
s
o
ve
r
a
few
hours,
w
ith
a
return
to
basallevels
(<2
ng
m
1-1)w
ithin
24-48
h.By
co
m
parison,
the
eleva-
tion
of
blood
co
rtisol
levels
in
re
sponse
to
a
chronic
stress(i.e.
a
co
ntinuous
form
of
stress
from
w
hich
there
m
ay
be
n
o
e
scape)
m
ay
lastfor
se
ve
raldays,o
r
e
ve
n
w
e
eks,before
a
cclim
ation
°ca
rs
(Pickering
&
Stewart,
1984).
In
m
o
st
ca
se
s,how
ever,
blood
co
rtisol
levels
e
ve
ntually
return
to
n
o
rm
al
despite
the
co
ntinued
presence


of
the
stress(Schreck,
1981).Under
aquaculture
co
nditions
handling
a
nd
disturbance
a
re
e
xa
m
-
ples
of
a
cute
stresses,
w
ater
quality
deteriora-
tion
a
nd
o
ve
rcro
wding
a
re
e
xa
m
ples
of
chronic
stresses.
In
the
n
atural
e
n
vironm
ent,
predator
a
voidance
a
nd
territorial
defence
w
o
uld
be
classed
a
s
a
cute
stresses,
sublethal
pollution
(including
a
cidification)
w
o
uld
co
n
stitute
a
chronic
stress.
The
m
agnitude
a
nd
duration
of
the
co
n
ed
re
sponse
to
e
n
vironm
ental
stress
is
dependent
n
ot
o
nly
upon
the
n
ature
of
the
stress
itself,
but
also
o
n
the
species
a
nd
strain
of
fish(Pickering
&
Pottinger,
1989),
the
fish's
age
a
nd
se
x(Sumpter
etal.,
1987),
tem
perature
(Sumpter,
Pickering
&
Pottinger,
1985;
Barton
&
Schreck,
1987)
a
nd
e
ve
n
,
u
nder
ce
rtain
circum
stances,
o
n
the
chem
ical
co
m
position
of
the
w
ater(Pickering
&
Pottinger,
1987b).
N
orm
ally,
how
ever,
the
blood
co
rtisol
levels
of
a
cutely-stressed
brown
trout
a
re
tem
porarily
elevated
in
e
xce
ss
of
100
ng
m
l-'
(Pickering
et
al.
,
1982),
co
rtisol
levels
in
chronically-stressed
brown
;trout
(including
the
stress
of
spawning)
a
re
ih
the
ra
nge
10-20
ng
m
l-'
(Pickering
&
Stewart:1984;
Pickering
&
Pottinger,
1987a).
Corticosterolds
and
disease
re
sistance
It
has
been
know
n
for
m
a
ny
years
that
co
rtico-
steroids
a
re
m
a
rkedly
im
m
unosuppressiye
in
m
a
m
m
als
(see
Parrillo
&
Fauci,
1979;
M
unck,
G
ruyre
&
H
olbrook,
1984)
a
nd
e
vidence
has
a
ccu
m
ulated
w
hich
show
s
that
these
steroids
ca
n
also
suppress
the
defence
system
s
of
fish.
For
e
xa
m
ple,
w
e
have
show
n
that
the
blood
lym
pho-
cyte
co
u
nt
of
the
brown
trout
is
significantly
reduced
36
h
after
a
n
a
cute
stress(Pickering
et
at,
1982)
a
nd
that
this
re
sponse
ca
n
be
reproduced,
alm
ost
e
xa
ctly,
by
the
adm
inistra-
tion
of
a
physiological
dose
of
co
rtisol
in
the
diet
of
otherw
ise
u
n
stressed
fish
(Pickering,
1984).
In
other
studies
w
ith
teleost
fish
it
has
been
show
n
that
co
rticosteroids
ca
u
se
involution
of
lym
phoid
tissues
su
ch
a
s
the
thym
us
(Chil-
m
o
n
czyk,
1982;
G
honeum
et
al.,
1986),
inhibit
inflam
m
atory
re
sponses
(MacArthur
et
al,
1984),
suppress
phagocyte
a
ctivity
(Stave
&
R
oberson,
1985),
block
lym
phccyte
m
itogen
re
sponsiveness
(Grimm,
1985;
Ellsaesser
&
Clem
,
1987)
a
nd
reduce
specific
a
ntibody
pro-
Environm
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su
rvival
ofbrow
n
trout,
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D
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1.The
hypothalam
ic-pituitary-interrenal
a
xis
of
the
brown
trout,
&lim
o
trutta,
is
a
ctivated
in
re
sponse
to
m
o
st
form
s
of
e
n
vironm
ental
stress.
This
re
sults
in
a
n
elevation
of
blood
co
rtisol
levels.
Experim
ental
elevation
of
blood
co
rtisol
levels
in
otherw
ise
u
n
stressed
brown
trout
ca
u
sed
a
dose-dependent
increase
in
m
o
rtality
rate
due
to
disease.
In
o
u
r
studies,
Soprolegnia-infection,
furunculosis
a
nd
bacterial
fin-rot
w
e
re
the
principal
diseases.
Chronic
co
rtisol
elevation
also
suppressed
se
ve
ral
of
the
e
ndocrine
prorecces
co
ntrolling
se
xu
al
m
aturation,
re
sulting
in
a
significant
reduc-
tion
in
the
size
of
the
gonad
in
both
m
ale
a
nd
fem
ale
fish.
It
is
a
rgued
that
m
a
ny
of
the
deleterious
effects
of
sublethal
pollution
(including
a
cidification)
o
n
n
atural
trout
populations
ca
n
be
attributed
to
chronically-elevated
blood
co
rtisol
levels
a
nd
that
a
know
ledge
of
su
ch
physiological
changes
w
o
uld
allow
a
n
a
sse
ssm
e
nt
of
the
im
pact
of
pollution
e
ve
nts
a
nd
a
ct
a
s
a
n
e
a
rly
w
a
rning
of
potential
disease
a
nd
re
cruitm
ent
problem
s.
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du
ct
io
n
(A
nd
er
so
n,
R
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so
n
&
D
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on
,
19
82
;
M
au
le
,
Sc
hr
ec
k
&
K
aa
tta
ri,
19
87
).
It
is
pr
es
um
ed
th
at
al
l,
o
r
co
m
bi
na
tio
ns
o
f
so
m
e,
o
f
th
es
e
fa
ct
or
s
ar
e
re
sp
on
si
bl
e
fo
r
th
e
o
bs
er
ve
d
in
cr
ea
se
in
su
sc
ep
tib
ili
ty
to
di
se
as
e
o
f
st
re
ss
ed
fis
h
H
ow
ev
er
,
w
ith
o
n
e
o
r
tw
o
n
o
ta
bl
e
ex
ce
pt
io
ns
, m
u
ch
o
f t
he
ea
rli
er
w
o
rk
in
th
is
fie
ld
ha
s
in
vo
lv
ed
th
e
u
se
o
f e
xc
es
si
ve
ly
hi
gh
do
se
so
f
co
rt
ic
os
te
ro
id
s,
o
r
sy
nt
he
tic
st
er
oi
ds
o
f
u
n
kn
ow
n
o
r
u
n
m
ea
su
re
d
po
te
nc
y
in
te
le
os
t f
is
h.
In
m
an
y
ca
se
s,
eo
m
ea
su
re
m
en
ts
ha
ve
be
en
m
ad
e
o
f
th
e
le
ve
ls
o
f
ci
rc
ul
at
in
g
st
er
oi
ds
in
tr
ea
te
d
fis
h
an
d
it
is
di
ffi
cu
lt,
th
er
ef
or
e,
to
ev
al
u-
En
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en
ta
l
st
re
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a
n
d
su
rv
iv
al
49
at
e
th
e
ph
ys
io
lo
gi
ca
l s
ig
ni
fic
an
ce
o
f m
u
ch
o
f t
he
da
ta
.
In
a
se
rie
s
o
f
st
ud
ie
s,
w
e
ha
ve
ex
am
in
ed
th
e
se
n
si
tiv
ity
o
f b
ro
w
n
tr
ou
t
to
ex
pe
rim
en
ta
lly
el
e-
v
at
ed
pl
as
m
a
co
rr
is
ol
le
ve
ls
u
si
ng
do
se
s
o
f
th
c
ho
rm
on
e
w
el
l
w
ith
in
th
e
ph
ys
io
lo
gi
ca
l r
an
ge
fo
r
th
is
sp
ec
ie
s (
Pi
ck
er
ing
&
D
us
to
n,
19
83
;
Pi
ck
er
-
in
g,
19
84
;
Pi
ck
er
in
g
&
Po
tti
ng
er
,
19
85
b)
.
It
is
po
ss
ib
le
,
by
m
ea
n
s
o
f
sl
ow
-r
el
ea
se
in
tra
-
pe
rit
on
ea
l
im
pl
an
ts
o
f c
o
rt
is
ol
(se
e
Pi
ck
er
in
g
&
D
us
to
n,
19
83
,
(o
r d
et
ai
ls
),
to
el
ev
at
e
th
e
bl
oo
d
co
rt
is
ol
le
ve
ls
o
f o
th
er
w
is
e
u
n
st
re
ss
ed
fis
h
fo
r
a
pe
rio
d
o
f
se
ve
ra
l
w
ee
ks
(F
ig.
la
).
Th
e
co
n
ce
n
-
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D
.
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ck
er
in
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o
f
ho
rm
on
e
a
pp
ea
rin
g
in
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e
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di
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re
la
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p
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e
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m
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te
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pe
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en
sit
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(F
ig.
16
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Us
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te
ch
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co
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f b
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di
se
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in
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w
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u
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re
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ed
fis
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(P
ick
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&
D
us
to
n,
19
83
;
Pi
ck
er
in
g
&
Po
tti
ng
er
,
19
85
b).
Co
rti
so
l-
t r
e
st
ed
a
n
d
sh
am
-im
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an
te
d
co
n
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l
br
ow
n
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ut
w
e
re
su
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to
th
e
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l
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s
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h
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M
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lit
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in
th
e
co
rti
so
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pl
an
te
d
gr
ou
p
a
n
d
th
e
m
a
in
ca
u
se
s
o
f
di
se
as
e
w
e
re
Sa
pr
ol
eg
ni
a
-
in
fe
c-
tio
n,
fu
ru
nc
ul
os
is
a
n
d
ba
ct
er
ia
l
fin
-ro
t.
A
st
ro
ng
po
sit
ive
co
rr
e
la
tio
n
w
a
s
fo
un
d
be
tw
ee
n
th
e
m
o
r-
ta
lit
y
ra
te
du
e
to
di
se
as
e
w
ith
in
th
e
e
xp
er
im
en
ta
l
lis
h
po
pu
la
tio
ns
a
n
d
th
ei
r
m
e
a
n
bl
oo
d
co
rti
so
l
le
ve
ls
(F
ig.
2).
A
si
gn
ific
an
t
in
cr
ea
se
in
m
o
rta
lit
y
ra
te
w
a
s
o
bs
er
ve
d
w
he
n
bl
oo
d
co
rti
so
l
le
ve
ls
w
e
re
e
le
va
te
d
fo
r
a
pe
rio
d
o
f
2-
4
w
e
e
ks
fro
m
ba
sa
l
va
lu
es
to
o
n
ly
10
n
g
m
1-
1
(P
ick
eri
ng
&
Po
tti
ng
er
,
19
85
b).
Th
is
de
gr
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o
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o
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l
e
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-
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la
tio
n
be
tw
ee
n
th
e
m
e
a
n
pl
as
m
a
co
n
is
ol
ke
el
o
fo
o
rti
so
l-i
m
pl
an
te
d
br
ow
n
tro
ut
a
n
d
th
e
w
e
e
kl
y
m
o
rta
lit
y
ra
te
du
e
to
di
se
as
e,
di
ni
ng
2-
10
w
e
e
ks
pa
st
-
im
pl
an
ta
tio
n,
w
ith
in
th
e
e
xp
er
im
en
ta
l
lis
h
po
pu
la
-
tio
ns
.
R
ec
al
cu
la
te
d
fro
m
o
rig
in
al
da
ta
in
Pi
ck
er
in
g
&
D
us
to
n
(19
83
),
Pi
ck
er
in
g
&
Po
ni
ng
er
(14
85
b)
a
n
d
1.
F.
Co
nt
ex
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P.
Su
m
pt
er
. T
. G
.
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a
n
d
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D
.
Pi
ck
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g
(un
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bli
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n
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w
e
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w
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e
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l
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n
ge
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r
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n
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a
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d
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l
o
f
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h
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bje
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d
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c
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s
o
f
e
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l
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(se
e
pr
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Th
us
,
th
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e
st
ud
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s
ha
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de
m
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st
ra
te
d
th
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pr
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ge
d
e
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va
tio
n
o
f b
lo
od
co
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so
l
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is
a
m
a
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fa
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sp
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th
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fu
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d
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l
pa
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Cl
ea
rly
,
th
e
de
fe
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e
sy
st
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s
o
f
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m
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y
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n
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ef
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m
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ha
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M
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e
r
a
l.
(19
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n
d
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Tr
ip
p
e
t a
l.
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)
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r
th
e
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fe
nc
e
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o
f
a
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fis
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th
e
w
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,
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hu
s
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h.
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e
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at
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g
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xu
a
l
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a
tu
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t a
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ific
tim
e
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f y
ea
r,
is
u
n
de
r
th
e
co
n
tro
l
o
f
a
va
rie
ty
o
f
ho
rm
on
es
(se
e
Sc
ot
t
&
Su
m
pt
er
,
19
83
,
fo
r
re
vi
ew
).
Bo
th
st
im
ul
at
or
y
-
a
n
d
su
pp
re
ss
ive
n
e
u
ro
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cr
e
tio
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fro
m
th
e
br
ai
n/
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po
th
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n
tro
l
th
c
a
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o
f
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e
pi
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go
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pe
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(P
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hi
ch
,
in
tu
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,
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e
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e
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s
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e
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(G
TH
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de
ed
,
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e
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st
e
vi
-
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e
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a
s
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gh
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ve
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at
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e
a
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o
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(S
uz
uk
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N
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a,
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).
O
r-
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th
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e
th
e
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d
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e
a
n
d
se
cr
e
te
a
ra
n
ge
o
f s
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ro
id
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r-
m
o
n
e
s
(F
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tie
r
e
r
a
l.,
19
83
) w
hi
ch
co
n
tro
l
go
na
-
da
l
de
ve
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pm
en
t,
st
im
ul
at
e
th
e
a
pp
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nc
e
o
f
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n
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ry
se
xu
a
l
ch
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te
rs
a
n
d
re
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la
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th
e
a
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th
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s
by
fe
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-
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ck
m
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n
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pi
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d.
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fe
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al
e
fis
h,
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e
go
na
da
l
st
er
oi
d
o
e
st
ra
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ol
a
ls
o
st
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ul
at
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th
e
liv
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at
ed
in
to
th
e
de
ve
lo
pi
ng
o
o
cy
te
s
(N
g
&
Id
le
r,
19
83
).
Th
er
e
is
go
od
e
vi
de
nc
e
in
th
e
lit
er
at
ur
e
th
at
e
n
vi
ro
nm
en
ta
l
st
re
ss
ca
n
m
a
rk
ed
ly
su
pp
re
ss
re
pr
od
uc
tiv
e
a
ct
iv
ity
in
m
a
m
m
a
ls
(M
ob
erg
,
19
85
); t
he
e
vi
de
nc
e
fo
r
su
ch
a
su
pp
re
ss
io
n
in
fis
h
is
m
u
ch
m
o
re
fra
gm
en
ta
ry
(B
illa
rd
a
a
l.,
19
81
).
H
ow
ev
er
,
w
e
ha
ve
sh
ow
n
th
at
bo
th
ac
u
te
an
d
ch
ro
ni
c
fo
rm
s
o
f
st
re
ss
sc
an
ca
u
se
a
si
gn
ifi
ca
nt
re
du
ct
io
n
in
th
e
co
n
ce
n
tr
at
io
n
o
f t
he
an
dr
og
en
s
20
t
10
+
+
-
-
-
-
-
-
-
-2*
:i I
06
10
0
10
12
14
i6
Ti
m
e
in
da
ys
Ip
as
l-d
r9
la
nt
al
io
n)
(b)
60
0
20
90
im
pl
an
1
le
nq
19
-'
Co
dy
w
e
ird
)
(al
20 1
6 12
Pl
as
m
a
co
rti
so
l
INm
r'l
i7
•C
-
-
-
-
-
-
-
9•
C
1.
6
20
22
-
-
-
-
-
-
-
-
-
-
-
-
I
FI
G
.
L
(a)
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f p
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-re
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kg
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Li
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d
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re
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by
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lin
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4.The
effecta
18
days
co
rtisolim
plantatio
(60
m
g
kg-t)
o
n
reproductive
endocrinology
and
gonad
w
eight
of
sexu
ally
m
aturing
fem
ale
brow
n
trout.
Each
alue
is
the
arithm
etic
m
ean
±SE.
O
pen
colum
ns
represent
the
sham
-im
planted
co
ntrol
fish(nn
19),
shaded
ad
rim
s
the
co
rtisol-irnplanted
Fish(iw•13).
*Pc0.05.
•
*P<0.01.
testosterone
a
nd
II
-ketotestosterone
in
the
blood
of
se
xu
ally
m
aturing
brown
trout(Picker-
ing
cat,
1987).In
this
study
it
w
a
s
also
observed
that
the
blood
co
rtisol
levels
of
the
chronically-
stre
ssedfish
(stressed
by
co
nfinem
ent)
w
e
re
still
significantly
elevated
1
m
o
nth
after
the
o
n
set
of
the
stress,
thus
raising
the
possibility
that
the
pituitary-interrenal
a
xis
m
ay
be
instrum
ental
in
suppressing
se
xu
aldevelopm
ent
in
these
fish.
In
a
n
attem
pt
to
re
solve
this
question,
w
e
have
re
ce
ntly
u
ndertaken
a
study
to
e
xa
m
ine
the
effects
of
chronic
co
rtisol
elevation
(by
m
e
a
n
s
of
slow
-release
intraperitoneal
im
plants)
o
n
the
reproductive
e
ndocrinology
of
se
xu
ally
m
atur-
ing
brown
trout
a
nd
rainbow
trout,
Salrno
gairdneri,
of
both
se
xe
s(J.
F.
Carragher,
J.
P.
Sum
pter,
T.
G
.
Pottinger
a
nd
A.
D
.
Pickering,
u
npublished).
The
fulldetails
of
this
e
xperim
ent
w
ill
be
published
elsew
here
but
a
su
m
m
a
ry
of
the
m
ain
effects
of
co
rtisol
elevation
o
n
the
reproductive
e
ndocrinology
of
brown
trout
is
presented
in
Figs.
3
a
nd
4.
At
18
o
ays
post-
im
plantation
there
w
a
s
a
significant
suppression
of
pituitary
G
TH
a
nd
blood
testosterone
levels
in
the
m
aturing
m
ale
fish
(Fig.
3b,
c)
a
nd
a
reduction
in
the
w
eight
of
the
testes(Fig.
3e).
In
the
se
xu
ally
m
aturing
fem
ale
brown
trout,
co
rtisol-im
plantation
also
raised
blood
co
rtisol
levels
a
nd
suppressed
the
pituitary
G
TH
co
ntent
(Fig.
4a,
b).
M
oreover,
the
plasm
a
levels
of
testosterone
a
nd
o
e
stradiol
w
e
re
m
a
rkedly
sup-


pressed
in
the
co
rtisol-treated
fish
(Fig.
4c,
d).
The
reduction
in
o
cstradiollevels
fitted
w
ell
w
ith
a
suppression
of
the
co
n
ce
ntration
of
yolk
pre-
cu
rse
rs
in
transit
from
the
liver
to
the
o
va
ry
(Fig.
4e)
a
nd,
again,
the
o
ve
rall
effect
of
these
changes
w
a
s
a
significant
reduction
in
gonad
w
eight(Fig.
41).
Thus,
the
effects
of
chronic
stress
o
n
sexu
al
m
aturation
in
brown
trout
ca
n
be
m
im
icked
by
chronic
co
rtisol
elevation
in
otherw
ise
u
n
stressed
fish
a
nd
it
se
e
m
s
m
o
st
likely,
therefore,
that
the
deleterious
effects
of
stress
o
n
the
pituitary-gonadal
a
xis
a
re
largely
m
edi-
ated
by
co
rticosteroids
released
a
s
a
co
n
se
-
quence
of
a
ctivation
of
the
hypothalam
ic-
pituitary-interienal
a
xis.
Sim
ilar
functional
links
between
the
tw
o
a
xe
s,
re
sulting
in
the
sup-
pression
of
m
a
ny
reproductive
characteristics,
have
been
dem
onstrated
in
m
a
m
m
als
(see
M
oberg,
1985).
Clearly,
m
u
ch
m
o
re
w
o
rk
is
n
o
w
n
e
eded
o
n
the
precise
m
e
chanism
s
involved
in
this
co
rtisol-
m
ediated
suppression
of
reproductive
e
ndocrinology
in
fish,
a
nd
o
n
the
co
n
sequences,
in
tenns
of
gam
ete
quality
a
nd
quantity,
for
reproductive
su
cce
ss.
H
ow
ever,
o
u
r
data
strongly
suggestthat
incidences
of
chronic
stress
in
the
prespawning
period
w
ill
have
deleterious
effects
o
n
se
xu
al
m
aturation
a
nd
reproductive
su
cce
ss.Thus,
e
n
vironm
ental
stresses
w
hich,
although
n
ot
directly
lethal
them
selves,
m
ay


reduce
the
chancesof
su
rvivalofbrow
n
trout
n
ot
o
nly
by
predisposingthe
fish
to
disease(see
pre-
vious
section)but
also
by
inhibiting
su
ccessful
reproduction.
Chronic
stress
and
the
n
atural
en
vironm
ent
The
presentpaper
has
show
n
that
elevation
of
blood
co
rtisollevels,
as
a
result
of
en
vironm
en-
tal
stress,an
have
debilitating
effects
o
n
the
defence
system
s
and
o
n
the
reproductive
endoainology
of
brow
n
trout.
M
ost
of
the
exam
ples
u
sed
to
illustrate
the
phenom
enon
of
en
vironm
ental
stress
have
been
related
to
aquacultural
co
nditioni
(handling,
cro
w
ding,
co
nfinem
ent,
prophylactic
treatm
ent,
etc.)
and
it
has
been
dem
onstrated
that
the
elevation
of
blood
co
rtisollevels
from
a
basalco
n
centration
of
<2
ng
m
l-'
to
o
nly
10
ng
m
1-1is
sufficient
to
predispose
brow
n
trout
to
dia-vc.
and
that
a
chronic
co
rtisollevel
of30-40
ng
m
r'
is
suffi-
cientto
suppresssexualdevelopm
ent.
It
should
be
recognized,
how
ever,
that
these
data
w
ere
obtained
u
sing
dom
esticated
strains
of
brow
n
trout
u
nderintensive
culture
co
nditions
and
that
w
e
have
little
inform
ation
co
n
cerning
the
physiolon
of
n
atural
troutpopulations.
This
is
clearly
an
area
w
hich
requires
u
rgent
attention,
provided
that
the
problem
s
of
sam
pling
strcss
can
be
o
verco
m
e.The
lim
ited
available
evidence
show
s
that
fint
generation
fish
from
w
ild
stocks
are
m
o
re
sen
sitive,
w
ith
regard
to
their
co
rtisol
response,than
are
dom
esticated
strains(W
ood-
w
ard
&
Strange,
1987).
This
is
n
ot
su
rprising,
but
it
em
phasizes
that
the
dam
aging
effects
of
stress,dem
onstrated
in
o
u
r
o
w
n
studies,are
pro-
bably
m
inim
al
co
m
pared
to
the
potential
effects
o
n
w
ild
fish.
The
bulk
of
the
evidence
presented
so
far
indicates
that
chronic,
o
r
co
ntinuous,
form
s
of
stress
have
the
m
o
st
serious
co
n
sequences
for
su
rvival
and
it
has
been
show
n
that
u
nder
su
ch
circum
stances
the
fish
m
ay
acclim
ate
to
the
stress
after
several
days
o
r
even
w
eeks,
w
ith
a
resultant
reduction
in
blood
co
rtisol
levels
despite
the
co
ntinued
presence
of
the
stress.
Indeed
if
the
process
of
acclim
ation
did
n
ot
o
ccu
r
the
fish's
chance
of
su
rvival
w
o
uld
be
greatly
reduced.
M
an's
deleterious
influence
o
n
the
aquatic
en
vironm
ent
has
created
co
nditions
of
chronic
stress,in
the
form
of
sublethal
pollution,
w
hich
m
ight
be
expected
to
increase
disease
su
scep-
tibility
and
reduce
reproductive
su
ccess
in
n
atural
fish
populations.
Indeed,
several
exam
-
ples
of
exactly
su
ch
debilitating
effects
have
been
reported.
Thus,
the
incidence
of
fish
dis-
I
252,5
2
0
0
FIG
.
3.The
effect
of
18days
co
n
n
ol
im
plantation
(60
m
g
kr
)
o
n
reproductive
eadoainology
and
gonad
w
eight
of
sexu
ally
m
aturingm
ale
brow
n
trout.
Each
value
is
the
arithm
etic
m
ean
±SE.
O
pen
colum
ns
represent
the
sham
-
im
planted
co
ntrol
fish(n
w
18),
shaded
colum
ns
the
cottisol-im
planted
fish(n.19).
•Pc0.05,
•
•
•Pc0.001.
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Interspecific
differences
in
the
stress
re
sponse
of
fish
m
ay
be
due,
in
part.
to
differences
in
the
se
n
sitivity
of
target
tissues
10
co
rtisol
The
relative
re
sponse
ofbrown
a
nd
rainbow
trout
to
•
standardized
dose
of
co
rtisol
w
a
s
a
sse
n
sedby
m
o
nitonng
co
ndition
(K
factor),
the
n
u
m
ber
of
circulating
lym
phocytes
a
nd
m
o
rtality
due
to
disease,following
co
rtisol
treatm
ent.
Cortisol
im
plantation
re
sulted
in
a
significant
decline
in
K
factor
a
nd
n
u
m
ber
of
circulating
lym
phocytes
in
im
m
ature
brown
trout,
but
n
ot
in
im
m
ature
rainbow
trout,
despite
plasm
a
co
rtisol
levels
being
sim
ilar
in
both
ca
se
s.Cortisol
im
plantation
in
m
ature
brown
a
nd
rainbow
trout
significantly
increased
the
m
o
rtality
rale
due
to
bacterial
a
nd
fungal
infection
co
m
pared
w
ith
co
ntrol
fish.
Furtherm
ore,
the
m
o
rtality
rate
due
to
disease
w
a
s
significantly
greater
in
brown
trout
than
rainbow
trout,
despite
both
groups
re
ceiving
sim
ilar
doses
of
steroid.
I.
IN
TRO
DUCTIO
N
Corticosteroid
releasefrom
the
adrenal
co
rtex
(or
its
hom
ologue)
is
a
characteristic
re
sponse
of
m
o
st
ve
rtebrates
to
stressful
situations.
The
catabolic
effects
of
co
rticosteroid
horm
ones
(lipolysis
a
nd
gluconeogenesis)
co
m
plem
ent
the
glyco-
lytic
a
ction
of
catecholam
ines
to
give
the
a
nim
al
a
cce
ss
to
e
n
e
rgy
re
se
rve
s
n
ot
n
o
rm
ally
a
vails
ble
to
it,
e
n
e
rgy
w
hich
theanim
al
ca
n
then
u
se
to
a
void
o
r
o
ve
rco
m
e
the
stress(Moberg,
1985).
Salm
onid
fish
a
re
se
n
sitive
to
m
a
ny
form
s
of
e
n
vironm
ental
stress(Donaldson,
1981;Schrock,
1981)
a
nd
re
spond
by
increasing
the
rate
of
se
cretion
of
co
rtisol,
the
predom
inant
co
rticosteroid
in
teleost
fish
(Henderson
&
G
arland,
1980).
H
ow
ever,
prolonged
elevation
of
blood
co
rtisol
levels
has
been
show
n
to
pre-
dispose
so
m
e
species
of
salm
onid
fish
to
infectious
diseases(Pickering
&
D
uston,
1983;Pickering
&
Pottinger,
1985;W
oo
et
al.,
1987),
a
n
effect
alm
ost
ce
rtainly
m
ediated
by
the
suppressive
a
ction
of
co
rticosteroids
o
n
the
fish's
defence
system
s
(Anderson
et
al.,
1982;M
acArth
u
r
e
r
at,
1984;G
rim
m
,
1985;M
aule
et
al.,
1987).
There
is
n
o
w
a
n
a
ccu
m
ulating
body
of
e
vidence
linking
va
rious
form
s
of
stress
to
a
subsequent
increase
in
the
su
sceptibility
of
fish
to
a
w
ide
ra
nge
of
infectious
diseases(Johansson
&
Bergstrom
,
1977;H
etrick
et
at,
1979;H
anson
&
G
rizzle,
1985;se
e
also
W
edem
eyer
&
M
cLeay,
1981)
a
nd
w
e
believe
that
elevated
co
rtisol
levels
play
a
m
ajor
role
in
this
phenom
enon.
In
general,
rainbow
trout
a
re
m
o
re
a
m
e
n
able
than
brown
trout
to
aq
u
a
culture
co
nditions
a
nd,in
o
u
r
e
xperience,
show
fewerproblem
s
of
stress-related
diseases.In
a
se
ries
of
studies,G
.A.
W
edem
eyer
has
dem
onstrated
m
a
rked
interspecific
differences
in
the
re
sponse
of
salm
onid
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D
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PICKERING
ET
AL.
TAI3LE
I.
The
species,strain
a
nd
age
of
the
fish
u
sed
in
the
present
study
Experim
ent
n
o
.
D
ate
Species
Strain
H
atching
date
2
August
1986
Septem
ber-
O
ctober
1987
Brow
n
trout
R
ainbow
trout
Brow
n
trout
R
ainbow
trout
D
unsop
Bridge
2
Annandale
1
D
unsop
Bridge
2a
Cloan
February
1985
M
ay
1985
February
1985
January
1986
fish
to
the
co
m
m
o
n
aquacultural
stresses
of
handling,
cro
wding,
sudden
tem
pera-
.
Lure
change
a
nd
form
alin
treatm
ent
(W
edemeyer,
1971,
1972,
1973,1976).
These
differences
w
e
re
m
a
nifest
in
a
w
ide
ra
nge
ofphysiological
processes
including
ionic
regulation,
ca
rbohydrate
a
nd
sterol
m
etabolism
,
a
cid/base
balance,
o
xygen
co
n
-
su
m
ption
a
nd
interrenal
a
sco
rbate
m
etabolism
.
Such
differences
between
species
w
ith
regard
to
their
se
n
sitivity
to
stress
m
ay
be
reflected
n
ot
o
nly
by
quantitative
differences
in
the
levels
ofcirculating
stresshorm
ones,
su
ch
a
s
co
rtisol
(W
ederneyer
&
Yasutake,
1974),but
also
by
differences
in
the
se
n
sitivity
of
the
target
tissues
to
the
horm
one.
It
has
been
show
n
previously
that
co
rtisol
treatm
ent
ca
u
se
s
a
reduction
in
thc
co
efficient
of
co
ndition
(K
factor)
of
salm
onid
fish(Pickering
&
D
uston,
1983)a
nd
that
the
steroid
ca
n
also
depress
the
n
u
m
ber
of
circulating
lym
phocytes
(Mc
Leay,
1973;Pickering,
1984).
The
present
study
investigates
the
possibility
that
inter-
specific
differences
in
the
stress
re
sponse
m
ay
be
ca
u
sed,
at
leastin
pa
rt,
by
differ-
e
n
ce
sin
the
se
n
sitivity
ofthe
target
tissues
to
co
rtisol,
by
co
m
pa
ring
the
se
n
sitivity
of
tw
o
species
of
trout,
the
brown
trout,
Sabno
trutia
L.,
a
nd
the
rainbow
trout,
S.gairdneri
R
ichardson,
to
co
rtisol
adm
inistration.
Care
w
a
s
taken
to
e
n
su
re
that
the
steroid
w
a
s
adm
inistered
at
sim
ilar
physiological
doses
to
e
a
ch
species,a
nd
the
re
sponses
of
the
fish
w
e
re
m
o
nitored
in
term
s
of
changes
in
the
co
efficient
of
co
ndition,
circulating
lym
phocyte
co
u
nts
a
nd
m
o
rtality
rate
due
to
disease.
II.
M
ATER
IALS
AN
D
M
ETHO
DS
FISHDetails
ofthe
species,strain
and
age
ofthe
fish
u
sed
in
this
study
are
given
in
Tablet.
A
ll
the
fish,
w
ith
the
exception
of
the
brow
n
trout
u
sed
in
experim
ent
2(Dunsop
B
ridge
2a),
w
ere
obtained
as
eyed-ova
and
hatched
at
the
1.F.E.'s
W
inderm
ere
hatchery.
The
fish
w
ere
reared,
via
fry-troughs,
in
large(15001),
circular,
o
utdoor,
fibreglass
tanks
each
supplied
w
ith
a
co
n
stant
flow
of
W
inderm
ere
lake
w
ater
(35
I
m
in')
and
fed,
o
n
ce
daily,
w
ith
co
m
m
ercial
trout
pellets
at
a
rate
of
1-2%
body
w
eight
day
(exact
rate
dependent
upon
tem
perature).
The
brow
n
trout
forexperim
ent
2
w
ere
brought
in
a
s
1
-year
-old
fish
and
then
reared
asdescribed
above.
EXPER
IM
EN
T
I:
EFFECTS
O
F
CO
RTISO
L
IM
PLA
N
TA
TIO
N
(30
m
g
kg')
IN
IM
M
A
TURE
FISH
O
N
TH
E
CO
EFFICIENT
O
F
CO
NDITIO
N
A
N
D
O
N
LYM
PHO
CYTE
LEVELS
O
ne
hundred
and
sixty
sexu
ally
im
m
ature
I
+
brow
n
trout
(mean
w
cight
170g)
w
ere
evenly
distributed
into
four
re
a
ring
tanks
a
nd
left
fora
period
of2
w
eeks
to
reco
verfrom
the
handling
stress.Sim
ilarly,
160
sexu
ally
im
m
ature,
1+
rainbow
trout(mean
w
eight
340
g)
w
ere
distributed
into
four
rearing
tanks
and
left
for
a
period
of
2
w
eeks.
For
each
species.
the
fish
from
tw
o
of
the
tanks
w
ere
then
n
etted,
lightly
an
aesthetized
(2-phenoxyethanol
a
IM
IN
a
a
a
a
M
IN
IM
I
M
I
IS
N
O
M
IN
M
I
a
IS
IS
le
a
SE
NS
IT
IV
IT
Y
O
F
TR
O
UT
TO
CO
RT
IS
O
L
75
9
76
0
A.
D
.
PI
CK
ER
IN
G
ET
AL
.
1:
20
00
)an
d
gi
ve
n
a
n
in
tra
pe
rit
on
ea
l
im
pl
an
t
o
f
co
rti
so
l
su
sp
en
de
d
in
m
o
lte
n
(40
° C
) c
o
co
a
bu
tte
r
(10
m
g
I) t
o
gi
ve
a
fin
al
do
se
o
f
30
m
g
co
rti
so
l
kg
'
fis
h.
Fi
sh
fro
m
th
e
re
m
a
in
in
g
tw
o
ta
nk
s
w
e
re
gi
ve
n
a
si
m
ila
r
im
pl
an
t
o
f
co
co
a
-b
ut
te
r
o
n
ly
(sh
am
-im
pla
nte
d
co
n
tro
ls
).
Th
e
fis
h
w
e
re
th
en
re
tu
rn
ed
to
th
ei
r
re
a
rin
g
ta
nk
s
a
n
d
sa
m
pl
es
o
f
fiv
e
fis
h
pe
r
ta
nk
w
e
re
ta
ke
n
a
t
7,
12
,
16
a
n
d
22
da
ys
po
st
-im
pl
an
ta
tio
n.
D
ur
in
g
th
is
sa
m
pl
in
g
pe
rio
d
th
e
w
a
te
r
te
m
pe
ra
tu
re
va
rie
d
be
tw
ee
n
13
-6
a
n
d
16
4°
C
a
n
d
th
e
fis
h
w
e
re
gi
ve
n
a
da
ily
pr
op
hy
la
ct
ic
tre
at
m
en
t
w
ith
m
a
la
ch
ite
gr
ee
n
(2
pp
m
)
to
pr
ev
en
t
fu
ng
al
in
fe
ct
io
n.
At
e
a
ch
sa
m
pl
in
g
tim
e
fis
h
w
e
re
lig
ht
ly
a
n
a
e
st
he
tiz
ed
,
w
e
ig
he
d
a
n
d
m
e
a
su
re
d
a
n
d
a
bl
oo
d
sa
m
pl
e
w
a
s
ta
ke
n
fro
m
th
e
ca
u
da
l
ve
ss
e
ls
by
m
e
a
n
s
o
f
a
n
he
pa
rin
ize
d
sy
rin
ge
.
A
50
-p
l
a
liq
uo
t
o
f
bl
oo
d
w
a
s
di
lu
te
d
w
ith
tro
ut
R
in
ge
r
so
lu
tio
n
(fin
al
di
lu
tio
n
1:
40
00
0).
fix
ed
w
ith
Lu
go
l's
io
di
ne
a
n
d
se
di
-
m
e
n
te
d
o
n
to
a
gl
as
s
m
ic
ro
sc
op
e
sl
id
e
fo
r
to
ta
l
bl
oo
d
ce
ll
co
u
n
ts
.
D
iff
er
en
tia
l
bl
oo
d
ce
ll
co
u
n
ts
w
e
re
m
a
de
o
n
a
ir-
dr
ie
d,
m
e
th
an
ol
-fi
xe
d.
st
ai
ne
d
(ha
cm
ato
xy
lin
a
n
d
e
o
si
n)
sm
e
a
rs
a
n
d
th
e
a
bs
ol
ut
e
lym
ph
oc
yt
e
co
n
ce
n
tra
tio
n
w
a
s
ca
lc
ul
at
ed
fro
m
th
e
to
ta
l
a
n
d
di
ffe
re
nt
ia
l
ce
ll
co
u
n
ts
.
Bl
oo
d
pl
as
m
a
w
a
s
st
or
ed
a
t
—
70
°
C
u
n
til
a
ss
a
ye
d
fo
r
co
rti
so
l
by
m
e
a
n
s
o
f
a
fu
lly
-v
al
id
at
ed
ra
di
oi
m
m
un
oa
ss
ay
(se
e P
ic
ke
rin
g
el
a
l.,
I
98
76
fo
r
de
ta
ils
).
At
th
e
e
n
d
o
f
th
e
e
xp
er
im
en
t
(22
da
ys
po
st
-im
pl
an
ta
tio
n)
th
e
re
m
a
in
in
g
fis
h
in
e
a
ch
ta
nk
w
e
re
th
en
w
e
ig
he
d
a
n
d
m
e
a
su
re
d.
EX
PE
R
IM
EN
T
2:
EF
FE
CT
S
O
F
CO
RT
IS
O
L
IM
PL
AN
TA
TI
O
N
(60
m
g
kg
')
IN
SE
XU
AL
LY
M
AT
UR
E
FI
SH
O
N
TH
E
CO
EF
FI
CI
EN
T
O
F
CO
ND
IT
IO
N
AN
D
O
N
D
IS
EA
SE
R
ES
IS
TA
NC
E
Ei
gh
ty
se
xu
a
lly
m
a
tu
re
2+
br
ow
n
tro
ut
(m
ea
n
w
e
ig
ht
40
4
g:
se
x
ra
tio
,
d:
9,
1.
32
) w
e
re
e
ve
n
ly
di
st
rib
ut
ed
in
to
fo
ur
o
u
td
oo
r
re
a
rin
g
ta
nk
s
a
n
d
le
ft
fo
r
2
w
e
e
ks
to
a
cc
lim
at
e
to
th
e
n
e
w
co
n
di
tio
ns
.
Th
e
fis
h
fro
m
tw
o
ta
nk
s
w
e
re
th
en
gi
ve
n
a
n
in
tra
pe
rit
on
ea
l
im
pl
an
t
o
f
co
rti
so
l
su
sp
en
de
d
in
m
o
lte
n
co
co
a
bu
tte
r
(60
m
g
co
rti
so
l
ke
fis
h),
th
e
tw
o
re
m
a
in
in
g
ta
nk
s
se
rv
in
g
a
s
sh
am
-im
pl
an
te
d
co
n
tro
ls
(co
co
a
bu
tte
r
o
n
ly)
.
N
o
pr
op
hy
la
ct
ic
tre
at
m
en
ts
w
e
re
gi
ve
n
a
n
d
th
e
m
o
rta
lit
y
ra
te
fo
llo
wi
ng
im
pl
an
ta
tio
n
w
a
s
m
o
n
ito
re
d
o
n
a
da
ily
ba
sis
.
In
vi
ew
o
f
th
e
hi
gh
m
o
rta
lit
y
ra
te
in
th
e
co
rti
so
l-t
re
a
te
d
fis
h,
th
is
e
xp
er
im
en
t
w
a
s
te
rm
in
at
ed
18
da
ys
a
fte
r
im
pl
an
ta
tio
n
a
n
d
th
e
su
rv
iv
in
g
fis
h
w
e
re
a
n
a
e
st
he
tiz
ed
,
w
e
ig
he
d
a
n
d
m
e
a
su
re
d.
A
bl
oo
d
sa
m
pl
e
w
a
s
ta
ke
n
fro
m
th
e
ca
u
da
l
ve
ss
e
ls
o
f
e
a
ch
fis
h
fo
r
su
bs
eq
ue
nt
co
rti
so
l
ra
di
oi
m
m
un
oa
ss
ay
.
Th
e
fis
h
w
e
re
th
en
ki
lle
d
by
a
bl
ow
to
th
e
hc
ad
a
n
d
th
e
se
x
a
n
d
st
at
e
o
f
m
a
tu
rit
y
de
te
rm
in
ed
.
A
si
m
ila
r
e
xp
er
im
en
t
w
ith
I +
ra
in
bo
w
tro
ut
(m
ea
n
w
e
ig
ht
34
6
g)
w
a
s
ru
n
in
pa
ra
lle
l
to
th
e
br
ow
n
tro
ut
st
ud
y,
bu
t
in
th
is
ca
se
e
a
ch
ta
nk
co
n
ta
in
ed
50
fis
h
a
n
d,
in
vi
ew
o
f
th
e
lo
w
m
o
rta
lit
y
ra
te
,
th
e
e
xp
er
im
en
t
w
a
s
a
llo
w
ed
to
ru
n
fo
r
a
pe
rio
d
o
f
36
da
ys
po
st
-
im
pl
an
ta
tio
n.
At
th
e
e
n
d
o
f
th
is
pe
rio
d
th
e
su
rv
iv
in
g
fis
h
w
e
re
sa
m
pl
ed
a
s
a
bo
ve
.
Th
e
se
x
ra
tio
(d:
9)
w
ith
in
th
e
ra
in
bo
w
tro
ut
po
pu
la
tio
n
w
a
s
1.
42
,
a
n
d
65
%
o
f
th
e
m
a
le
s
w
e
re
u
n
dc
rg
oi
ng
se
xu
a
l
m
a
tu
ra
tio
n.
N
on
e
o
f
th
e
fe
m
al
es
sh
ow
ed
a
n
y
si
gn
s
o
f
m
a
tu
ra
tio
n.
Th
e
w
a
te
r
te
m
pe
ra
tu
re
du
rin
g
e
xp
er
im
en
t
2
ra
n
ge
d
be
tw
ee
n
I ll
a
n
d
16
-5
° C
.
ST
AT
IS
TI
CA
L
A
N
A
LY
SE
S
Pl
as
m
a
co
rti
so
l
le
ve
ls
,
K
fa
ct
or
a
n
d
lym
ph
oc
yt
e
co
u
n
ts
w
e
re
a
n
a
lys
ed
by
o
n
e
-w
a
y
o
r
m
u
lti
fa
ct
or
ia
I a
n
a
lys
is
o
f
va
ria
nc
e
(A
NO
VA
,
G
en
st
at
)
w
ith
tre
at
m
en
t,
sp
ec
ie
s
a
n
d
tim
e
a
s
fa
ct
or
s.
Ta
nk
a
n
d
fis
h
w
e
re
u
se
d
a
s
bl
oc
kin
g
e
ffe
ct
s
to
gi
ve
a
n
e
st
ed
e
rr
o
r
st
ru
ct
ur
e
w
ith
w
hi
ch
to
a
ss
e
ss
th
e
si
gn
ific
an
ce
o
f
th
e
fa
ct
or
s
a
n
d
th
ei
r
in
te
ra
ct
io
ns
.
Fr
om
a
pl
ot
o
f
th
e
re
si
du
al
s
a
ga
in
st
fit
te
d
va
lu
es
,
a
pp
ro
pr
ia
te
tra
ns
fo
rm
at
io
ns
w
e
re
se
le
ct
ed
,
w
he
re
n
e
ce
ss
a
ry
,
to
im
pr
ov
e
ho
m
og
en
ei
ty
o
f
va
ria
nc
e.
Th
e
le
ve
ls
o
f
si
gn
ific
an
ce
gi
ve
n
a
re
de
riv
ed
fro
m
th
es
e
va
lu
es
bu
t,
fo
r
e
a
se
o
f
pr
es
en
ta
tio
n,
da
ta
a
rc
gi
ve
n
a
s
a
rit
hm
et
ic
m
e
a
n
s
±
S.
E1
.1
.
Ex
ac
t
pr
ob
ab
ilit
y
te
st
s
o
r
2
x
2
co
n
tin
ge
nc
y
ta
bl
es
(/
a
n
a
lys
is)
w
e
re
u
sc
d
to
e
st
im
at
e
th
e
si
gn
ifi-
ca
n
ce
o
f
th
e
di
ffe
re
nc
es
in
m
o
rta
lit
y
a
n
d
in
ci
de
nc
eo
f
di
se
as
e
be
tw
ee
n
th
c
va
rio
us
gr
ou
ps
o
f
fis
h
in
e
xp
er
im
en
t
2.
R
ES
UL
TS
EX
PE
R
IM
EN
T
I:
IM
PL
A
N
TA
TI
O
N
O
F
CO
RT
IS
O
L
(30
m
g
kg
- 1
)
IN
IM
M
A
TU
RE
FI
SH
Co
rti
so
l
im
pl
an
ta
tio
n
re
su
lte
d
in
a
si
gn
ific
an
t
a
n
d
st
ab
le
e
le
va
tio
n
o
f
pl
as
m
a
co
rti
so
l
le
ve
ls
in
bo
th
br
ow
n
tro
ut
a
n
d
ra
in
bo
w
tro
ut
(P
<
0-
00
1
in
e
a
ch
ca
se
)

0
a
10
12
A
16
18
20
22
Tu
ne
pa
sl-
pl
on
to
tio
n
(da
ys
)
Fi
G
.
I.
Th
ee
ffe
ct
o
lc
or
tis
ol
im
pl
an
la
tio
n(3
0
m
g
kg
-9
o
n
Sa
un
a
co
rti
so
l
le
ve
ls
o
ils
)
im
m
at
ur
e
br
ow
n
tro
ut
a
n
d
(b)
ra
in
bo
w
tro
ut
.
-
-
Co
rti
so
l-i
m
pl
an
te
d
fis
h;
co
co
a
-b
ut
te
r-i
m
pl
an
te
d
co
n
tro
l
fis
h.
Ea
ch
po
in
t
re
pr
es
en
ts
th
e
a
ril
hm
et
ic
m
a
n
±
ta
t
(n
is
10
); •
•
•
,
P
.
c0
-0
0
I.
du
rin
g
th
e
22
-d
ay
po
st
-im
pl
an
ta
tio
n
pe
rio
d
(F
ig.
I).
Im
pl
an
te
d
fis
h
ha
d
m
e
a
n
pl
as
m
a
co
rti
so
l
le
ve
ls
o
f
16
-3
±
I-0
a
n
d
14
-3
±
1-
6n
g
m
1-
1
fo
r
br
ow
n
tro
ut
a
n
d
ra
in
bo
w
tro
ut
,
re
sp
ec
tiv
el
y,
co
m
pa
re
d
w
ith
2-
3
±
04
a
n
d
2-
2
±
0.
4
n
g
m
1-
1
fo
r
th
e
co
co
a
-b
ut
te
r-i
m
pl
an
te
d
co
n
tro
l
fis
h
(n=
40
in
e
a
ch
ca
se
)
N
o
si
gn
ific
an
t
di
ffe
r-
e
n
ce
s
in
co
rti
so
l
le
ve
ls
w
e
re
de
te
ct
ed
be
tw
ee
n
th
e
tw
o
sp
ec
ie
s a
t a
n
y
tim
e,
w
ith
th
e
si
ng
le
e
xc
e
pt
io
n
o
f
th
e
co
n
tro
l
br
ow
n
tro
ut
w
hi
ch
ha
d
sl
ig
ht
ly,
bu
t
si
gn
ific
an
tly
,
e
le
va
te
d
pl
as
m
a
co
rti
so
l
le
ve
ls
a
t
12
da
ys
po
st
-im
pl
an
ta
tio
n
(3-
9 ±
1-
0n
g
m
1-
1,
P
<
0-
05
).
D
ur
in
g
th
e
co
u
rs
e
o
f
th
is
e
xp
er
im
en
t,
n
o
m
o
rta
lit
ie
s
w
e
re
re
co
rd
ed
fo
r
e
ith
er
sp
ec
ie
s.
H
ow
ev
er
,
co
rti
so
l-i
m
pl
an
ta
tio
n
re
su
lte
d
in
a
si
gn
ific
an
t
su
pp
re
ss
io
n
o
f t
he
co
e
ffi
cie
nt
o
f c
o
n
di
tio
n
(K
fa
ct
or
=
10
0
W
IL
)
o
f b
ro
wn
tro
ut
a
t b
ot
h
7
a
n
d
22
da
ys
po
st
-im
pl
an
ta
tio
n
(P
<
0-
01
in
e
a
ch
ca
se
) b
ut
n
o
su
ch
re
sp
on
se
w
a
s
o
bs
er
ve
d
in
th
e
ra
in
bo
w
tro
ut
[Fi
g.
2(a
)].
Si
m
ila
rly
,
co
rti
so
l-t
re
at
m
en
t
ca
u
se
d
a
si
gn
ific
an
t
re
du
c-
tio
n
in
th
e
n
u
m
be
r
o
f c
irc
ul
at
in
g
lym
ph
oc
yt
es
a
t 2
2
da
ys
po
st
-im
pl
an
ta
tio
n
in
th
e
Pl
um
e
co
rti
so
l
(ngm
ri)
20 1
2
°F
el
-
-
-
-
-
-
-
-
-
-
-
-
a
•
0
11fl
aIN
Iflaalla
a
a
a
0
0
0
En
M
N
SENSITIVITY
O
F
TRO
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RTISO
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A
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D
.
PICKERING
ET
A
L.
Proton
trout
R
ainbow
trout
22
7
Tim
e
co
s
-im
plantation
(daysl
22
Blood
lym
phocytes
i ;sr'
x I
Fic.
2
The
effect
of
torus,'
im
plantation
(30
m
g
kg-)
o
n(a)
thecoefficient
of
co
ndition
•nd
(b)
the
blood
lym
phocyte
co
u
nt
of
irnm
aturcbrown
trout
a
nd
rainbow
trout
at
7
and
22
days
post-im
plantation.
a
Cocos-butter-im
plants
co
ntrol
fish,
F,
co
rtisol-im
planted
fish.
Values
a
re
a
rithm
etic
m
e
a
n
s
±
Silt
(ft
w
10in
all
ca
se
s
e
xcept
for
the
co
efficient
of
co
ndition
at
22
days
post-im
plantation
w
hat
it-
50);
•
,P<O
05;
•
°
.
P
.0101.
0
4
8
12
16
20
24
26
32
36
Tim
e
pan
-in•planiation
W
ars)
Fic.
3.The
effect
of
co
o
isolim
plantation
00
m
g
kg
o
n
the
m
o
rtality
rale
of
m
ature
b
o
w
n
tro
ut.(
)a
nd
reinbow
trout.
(
•
).
The
ca
u
se
s
of
death
w
e
re
diagnosed
a
s
furunculosis
a
nd/o
se
ve
re
Soprolegnia
infection.
N
o
m
o
rtalities
o
ccu
rred
in
co
co
a
-butter-im
planted
co
ntrol
foh
of
either
srceics.
brown
trout(P
<0.05)
but
n
ot
in
the
rainbow
trout
[Fig.
2(b)].
The
difference
in
lym
phocyte
n
u
m
bers
between
co
ntrol
brown
trout
a
nd
rainbow
trout
(P
<0.001)
is
a
species
difference
w
hich
w
e
have
co
n
sistently
observed
in
different
strains
of
hatchery-reared
brown
trout
a
nd
rainbow
trout
(e.g.,
Pickering
el
al.,
I987a).
H
ow
ever,
w
e
have
n
o
e
xplanation
for
the
decrease
in
lym
phocyte
co
u
nts
between
7
days
a
nd
22
days
post-im
plantation
in
both
co
rtisol-treated
a
nd
co
ntrol
rainbow
tfO
ul.
EXPER
IM
EN
T
2:
IM
PLAN
TATIO
N
O
F
CO
RTISO
L
(60
m
g
kg-')
IN
SEXUALLY
M
ATURE
FISH
Cortisol
im
plantation
significantly
increased
the
m
o
rtality
rate
of
both
brown
trout
a
nd
rainbow
trout(Fig.
3;P
<
0-001
for
e
a
ch
species).
The
presum
ptive
ca
u
se
ofdeath
w
a
s
identified
a
s
furunculosis
(characterized
by
internal
haem
orrhage,
a
bloody
e
xudate
from
the
ve
nt
a
nd
o
cca
sional
furuncles
o
n
the
flank
of
the
fish)
co
m
bined
w
ith
se
ve
re
fungal
infection
in
the
brown
trout
but
n
ot
in
the
rainbow
trout.
Both
se
xe
s
w
e
re
affected
in
the
brown
trout
population;
the
dead
rainbow
trout
included
both
m
ature
m
ales
a
nd
se
xu
ally
im
m
ature
fish.
Because
of
the
high
m
o
rtality
in
the
co
rtisol-treated
brown
trout
population,
this
part
of
the
e
xper-
im
ent
w
a
s
term
inated
at
18days
post-im
plantation.
O
f
the
su
rviving
brown
trout,
m
o
re
than
50%
of
the
co
rtisol-treated
fish
had
visible
signs
of
fungal
infection,
co
m
pared
w
ith
less
than
10%
of
the
co
co
a
-butter-im
planted
co
ntrol
fish
(P
<0.005).
N
o
m
o
rtalities
o
ccu
rred
in
the
co
ntrol
groups
of
either
speciesduring
the
co
u
rse
of
the
e
xperim
ent
a
nd
n
o
signs
of
disease
w
e
re
observed
in
a
ny
of
the
co
ntrol
rainbow
trout.
The
rainbow
trout
study
w
a
s
allow
ed
to
co
ntinue
for
a
period
of
36
days
post-im
plantation.
Blood
co
rtisol
levels
w
e
re
sign
ifica
ntly
elevated
M
all
groups
ofcortisol-im
planted
fish
[Fig.
4(a);
Pic
0-001
in
all
ca
se
sj.
H
ow
ever,
highly
significant
differences
in
322824
7:
20
al
612
•
M
I
0
a
llI
M
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S
a
a
a
M
N
•
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N
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SE
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IT
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O
r
TR
O
UT
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O
L
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D
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PI
CK
ER
IN
G
ET
AL
.
10
0 80 so 90 zo 15 1.4
Co
ef
Iic
ie
nt
o
fco
n
di
tio
n
1-
3
.
2
M
ot
ue
d
m
a
tu
re
9
M
ot
u
Id
Irn
m
at
uf
e
n
o
.
4.
Th
e
e
ffe
ct
o
f
co
rti
so
l
im
pl
an
ta
tio
n
(60
m
g
kg
-
')
o
n
(a)
bl
oo
d
co
rti
so
l
le
ve
ls
a
n
d
(b)
th
e
co
e
ffi
cie
nt
o
f
co
n
di
tio
n
o
f =
W
M
br
ow
n
tm
ut
e
n
d
ra
in
bo
w
tro
ut
a
t
18
an
d
36
da
ys
po
st
-im
pl
an
ta
tio
n.
re
sp
ec
tiv
el
y.
0.
Co
co
a-
bu
tta
-im
pl
an
te
d
co
n
tro
l
fis
h;
lig
o
o
rti
so
l-i
m
pl
an
te
d
fis
h.
Va
lu
es
a
re
a
rit
hm
et
ic
m
e
a
n
s
±
st
m
.(n
8-
28
);
P
<
0-
05
;
P<
O
01
;•"
.
P
<
0-
00
1.
co
rti
so
l
le
ve
ls
w
e
re
o
bs
er
ve
d
be
tw
ee
n
th
e
va
rio
us
gr
ou
ps
o
f
im
pl
an
te
d
fis
h,
de
sp
ite

th
e
fa
ct
th
at
th
e
in
iti
al
im
pl
an
ta
tio
n
do
se
w
a
s
si
m
ila
r
fo
r
a
ll
gr
ou
ps
.
Th
us
,
co
rti
so
l-

im
pl
a
n
te
d,
se
xu
a
lly
m
a
tu
re
;
fe
m
al
e
br
ow
n
tro
ut
ha
d
a
m
e
a
n
pl
as
m
a
co
rti
so
l
le
ve
l o
f
79
-9
9-
7
n
gm
l
(n
8)
co
m
pa
re
d
w
ith
35
4+
6-
4
n
g
m
1-
1
(n
=
19
)fo
r
th
ec
or
tis
ol
-
im
pl
an
te
d
m
a
tu
re
m
a
le
br
ow
n
tro
ut
a
t
18
da
ys
po
st
-im
pl
an
ta
tio
n
(P
0-
00
1).
Si
m
ila
rly
,
in
th
e
ra
in
bo
w
tro
ut
po
pu
la
tio
n
a
t 3
6d
ay
s
po
st
-im
pl
an
ta
tio
n
th
ec
or
tis
ol
-
tre
at
ed
se
xu
a
lly
im
m
at
ur
e
fis
h
ha
d
si
gn
ific
an
tly
hi
gh
er
bl
oo
d
co
rti
so
l
le
ve
ls
[28
-6
±
2-
3
n
g
m
r
1 (
n =
28
)]
th
an
th
e
co
rti
so
l-t
re
at
ed
m
a
tu
re
m
a
le
s
11
7-
3±
1-
4n
g
m
1-
1
(tv
=
18
),
P<
0-
00
1].
In
th
e
co
co
a
-b
ut
te
r-i
m
pl
an
te
d
co
n
tro
l
fis
h,
se
xu
a
lly
m
a
tu
re
fe
m
al
e
br
ow
n
tro
ut
ha
d
si
gn
ific
an
tly
hi
gh
er
bl
oo
d
co
rti
so
l
le
ve
ls
th
an
se
xu
a
lly
m
a
tu
re
m
a
le
s
(5-
3 +
0-
8
cf
.
1-
9±
0-
2
n
g
m
1-
1,
P
<
0-
00
1).
N
o
si
gn
ific
an
t
di
ffe
re
nc
es
in
bl
oo
d
co
rti
so
l
le
ve
ls
w
e
re
fo
un
d
be
tw
ee
n
m
a
tu
re
m
a
le
a
n
d
im
m
at
ur
e
co
n
tro
l
ra
in
bo
w
tro
ut
.
As
in
e
xp
er
im
en
t
I,
co
rti
so
l
im
pl
an
ta
tio
n
si
gn
ific
an
tly
de
cr
ea
se
d
th
e
co
e
ffi
cie
nt
o
f
co
n
di
tio
n
o
f
br
ow
n
tro
ut
,
a
n
e
ffe
ct
e
vi
de
nt
in
bo
th
se
xe
s
[Fi
g.
4(b
)].
In
th
e
ra
in
bo
w
tro
ut
,
ho
w
ev
er
, c
o
rti
so
l
tre
at
m
en
t
ha
d
n
o
si
gn
ific
an
t
e
ffe
ct
o
n
th
e
K
fa
ct
or
o
f m
a
tu
re
m
a
le
fis
h
a
lth
ou
gh
it
di
d
si
gn
ific
an
tly
re
du
ce
th
at
o
f
se
xu
a
lly
im
m
at
ur
e
fis
h
a
t 3
6
da
ys
po
st
-im
pl
an
ta
tio
n
(P
-a-
00
1).
IV
.
D
IS
CU
SS
IO
N
Co
rti
so
l
im
pl
an
ta
tio
n
(30
m
g
kg
-1
) p
ro
du
ce
d
a
st
ab
le
e
le
va
tio
n
o
f b
lo
od
co
rti
so
l
le
ve
ls
in
bo
th
im
m
at
ur
e
br
ow
n
tro
ut
a
n
d
ra
in
bo
w
tro
ut
o
ve
r
a
pe
rio
d
o
f
18
da
ys
po
st
-im
pl
an
ta
tio
n
(ex
pe
rim
en
t
1).
Th
e
le
ve
ls
a
ch
ie
ve
d
by
th
is
te
ch
ni
qu
e
(P
t 1
5n
g
m
r1
)
w
e
re
w
e
ll
w
ith
in
th
e
ph
ys
io
lo
gi
ca
l
ra
n
ge
fo
r
sa
lm
on
id
fis
h
(D
on
ald
so
n,
19
81
).
Th
e
pl
as
m
a
co
rti
so
l
le
ve
ls
fro
m
th
e
pr
es
en
t
in
ve
st
ig
at
io
n
w
e
re
n
o
t
si
gn
ifi-
ca
n
tly
di
ffe
re
nt
fo
r
th
e
tw
o
sp
ec
ie
sa
n
d
w
e
re
si
m
ila
r
to
th
os
e
fo
un
d
by
Pi
ck
er
in
g
&
D
us
to
n
(19
83
) i
n
a
pr
ev
io
us
st
ud
y
o
n
co
rti
so
l-i
m
pl
an
te
d
br
ow
n
tro
ut
.
H
ow
ev
er
,
th
e
ch
ro
ni
c
e
le
va
tio
n
o
f
bl
oo
d
co
rti
so
l
le
ve
ls
in
e
xp
er
im
en
t
I
ha
d
n
o
si
gn
ific
an
t
e
ffe
ct
o
n
e
ith
er
th
e
K
fa
ct
or
o
r
th
ec
o
n
ce
n
tra
tio
n
o
f c
irc
ul
at
in
g
lym
ph
oc
yt
es
in
th
e
ra
in
bo
w
tro
ut
w
he
re
as
, i
n
th
e
br
ow
n
tro
ut
,
it
ca
u
se
d
a
si
gn
ific
an
t
re
du
ct
io
n
in
bo
th
th
es
e
pa
ra
m
et
er
s.
W
e
ha
ve
pr
ev
io
us
ly
sh
ow
n
th
at
co
rti
so
l
ca
u
se
s
a
lo
ss
o
f
co
n
-
di
tio
n
a
n
d
a
lym
ph
oc
yt
op
en
ia
in
th
e
br
ow
n
tro
ut
(P
ick
eri
ng
&
D
us
to
n,
19
83
;
Pi
ck
er
in
g,
19
84
).
In
th
e
pr
es
en
t s
tu
dy
th
e
di
ffe
re
nc
es
in
th
e
re
sp
on
se
o
f
th
e
tw
o
sp
ec
ie
s t
o
a
si
m
ila
r
ph
ys
io
lo
gi
ca
l
do
se
o
f c
o
rti
so
l
a
pp
ea
r
to
be
qu
an
tit
at
ive
(ra
the
r
th
an
qu
al
ita
tiv
e)
di
ffe
re
nc
es
be
ca
us
e,
a
lth
ou
gh
a
si
m
ila
r
ch
ro
ni
c
e
le
va
tio
n
o
f
th
e
m
e
a
n
pl
as
m
a
co
rti
so
l
le
ve
l i
n
e
xp
er
im
en
t
2
(17
-3
n
g
m
1-
1)
a
ls
o
fa
ile
d
to
re
du
ce
th
e
K
fa
ct
or
in
m
a
tu
re
m
a
le
co
rti
so
l-i
m
pl
an
te
d
ra
in
bo
w
tro
ut
,
a
hi
gh
er
le
ve
l (2
9-0
n
g
m
1-
1)
w
a
s
su
ffi
cie
nt
to
si
gn
ific
an
tly
re
du
ce
th
e
K
fa
ct
or
o
f i
m
m
at
ur
e
ra
in
bo
w
tro
ut
.
M
or
eo
ve
r,
it
ha
s
be
en
kn
ow
n
fo
r m
a
n
y
ye
ar
s
th
at
ra
in
bo
w
tro
ut
lym
ph
oc
yt
es
a
re
co
rti
co
st
er
oi
d-
se
ns
itiv
e
(W
ein
reb
,
19
58
) b
ut
,
u
n
fo
rtu
na
te
ly,
a
t
th
e
tim
e
o
f
th
is
e
a
rly
st
ud
y,
te
ch
ni
qu
es
w
e
re
n
o
t
a
va
ila
bl
e
fo
r
th
e
m
e
a
su
re
m
e
n
t
o
f
ci
rc
ul
at
in
g
co
rti
co
st
er
oi
ds
in
th
e
bl
oo
d
o
f t
re
at
ed
fis
h.
In
th
e
pr
es
en
t i
nv
es
tig
at
io
n,
th
ed
iff
er
en
ce
s
in
th
e
re
sp
on
se
o
f
br
ow
n
tro
ut
a
n
d
ra
in
bo
w
tro
ut
to
si
m
ila
r
le
ve
ls
o
f c
o
rti
so
l
su
gg
es
t t
ha
t
th
e
se
n
si
tiv
ity
o
f
th
e
ta
rg
et
tis
su
es
fo
r
th
e
ho
rm
on
e
m
a
y
di
ffe
r b
et
we
en
th
e
tw
o
sp
ec
ie
s.
Th
e
ca
ta
bo
lic
e
ffe
ct
s o
f
co
rti
so
l
in
te
le
os
t
fis
h
a
re
w
e
ll-
do
cu
m
en
te
d
(S
tor
er,
19
67
; C
ha
n
&
W
oo
,
19
78
;
Li
dm
an
n
a
t,
19
79
; D
av
e
e
t a
L,
19
79
; L
ea
ch
&
Ta
ylo
r,
19
82
; S
he
rid
an
,
19
86
)a
n
d
a
re
re
sp
on
sib
le
fo
r
th
e
re
du
ct
io
n
in
th
e
co
n
di
tio
n
fa
ct
or
o
f
th
e
fis
h.
H
ow
ev
er
,
w
he
th
er
th
e
sp
ec
ie
s d
iff
er
en
ce
in
co
rti
so
l-s
en
si
tiv
ity
re
pr
es
en
ts
ca
ta
bo
lic
e
ffe
ct
s
a
t
th
e
tis
su
e
le
ve
l,
o
r
di
ffe
re
nc
es
in
th
e
le
ve
ls
o
f
fo
od
in
ta
ke
a
n
d
u
til
iz
at
io
n
(or
a
1.
0
Br
ow
n
rr
o
n
i
R
ai
nb
ow
tro
ut
N
M
a
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a
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O
M
M
I
a
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co
m
bination
of
both),
re
m
ains
to
be
determ
ined.
Certainly,
rainbow
trout
feed
m
o
re
re
adily
than
m
a
ny
other
species
of
salm
onid
fish
following
a
n
incidence
of
stress(W
edemeyer,
1976;J.Pollard,
pers.
co
m
m
.)
a
nd
a
n
increase
in
food
uptake
m
ay
w
ell
e
xplain
the
significant
increase
in
K
factor
ofboth
co
rtisol-im
planted
a
nd
sham
-im
planted
rainbow
trout
during
the
co
u
rse
of
e
xperim
ent
I.
By
co
m
parison,
both
groups
ofbrown
trout
show
ed
a
n
o
ve
rall
decrease
in
K
factor.
The
effects
of
steroid
horm
ones,
su
ch
a
s
co
rtisol,
a
re
m
ediated
by
specific
intracellular
re
ceptors
(Baulieu,
1979)a
nd
co
rtisol
re
ceptors
have
been
identified
in
the
intestine
a
nd
gills
of
teleostfish(Di
Battista
et
al.,
1983,1984;Sandor
et
at,
1984;Chakraborti
et
al.,
1987).The
characterization
a
nd
quantification
of
su
ch
re
ceptors
in
other
potential
target
tissues(muscle,
liver,
adipose
tissue)
should
increase
o
u
r
u
nderstanding
of
the
relative
se
n
sitivity
of
su
ch
tissues
to
co
rtisol,
both
w
ithin
a
nd
between
species.
The
drop
in
the
n
u
m
ber
of
circulating
lym
phocytes
in
co
rtisol-treated
brown
trout
reflects
a
generalsuppressive
effect
of
co
rticosteroids
o
n
fish
lym
phoid
tissues
(Chilmonczyk,
1982;Ellsaesser&
Clem
,
1987;G
honeum
et
at,
1986).
M
oreover,
co
rticosteroids
have
been
show
n
to
be
se
ve
rely
im
m
unosuppressive
in
fish
(Anderson
et
at,
1982;G
rim
m
,
1985;W
echsler
et
rd.,
1986;M
a
ule
et
at,
1987)a
nd
ca
n
re
sultin
a
m
a
rked
predisposition
to
disease(Robertson
et
at,
1963;Pickering
&
D
uston,
1983;Pickering
&
Pottinger,
1985;W
oo
et
al.,
1987).Thus,
it
m
ight
be
su
spected
that
the
greater
re
sponsiveness
of
the
brown
trout
lym
phocyte
popu-
lation
to
co
rtisol
treatm
ent
w
o
uld
re
sult
in
a
m
o
re
se
ve
re
predisposition
of
this
species-to
disease.This
appears
to
be
strongly
supported
by
the
re
sults
of
e
xper-
im
ent
2,
in
w
hich
both
the
incidence
of
disease(furunculosis
a
nd
Saprolegnia
infection)
a
nd
the
m
o
rtality
due
to
disease
w
e
re
significantly
greater
in
co
rtisol-
treated
brown
trout
w
hen
co
m
pared
w
ith
rainbow
trout
given
a
sim
ilar
dose
ofthe
steroid
(60
m
g
kg-I).
Thus,
at
18days
post-im
plantation
(the
tim
e
at
w
hich
the
e
xperim
ent
w
a
s
term
inated
for
the
brown
trout
population)
the
cu
m
ulative
m
o
r-
tality
for
the
brown
trout
w
a
s
30%
co
m
pared
w
ith
o
nly
2%
for
the
co
rtisol-
im
planted
rainbow
trout.
H
ow
ever,
interpretation
of
this
re
sult
is
co
m
plicatod
by
the
fact
that
the
plasm
a
co
rtisol
levels
a
chieved
by
intraperitoneal
im
plantation
(60
m
g
kg"
I)
va
ried
significantly
between
the
groups.
These
differences
a
re
clearly
related
to
the
se
x
a
nd
state
of
se
xu
al
m
aturation
of
the
fish.
In
the
im
m
ature
rainbow
trout,
w
hich
w
e
re
given
a
n
im
plant
of
60
m
g
kg-1
(experiment
2),
the
m
e
a
n
blood
co
rtisol
levelat36days
post-im
plantation
w
a
s
290
ng
m
l
-I,
tw
ice
that
of
im
m
ature
rainbow
trout
given
a
co
rtisol
im
plant
of
30
m
g
kg-1
(14-3
ng
m
1-1,
e
xperim
ent
I).
The
m
e
a
n
plasm
a
co
rtisol
levelofim
planted,
se
xu
ally
m
at
u
re
,
m
ale
rainbow
trout
w
a
s
alm
ost
50%
low
er
than
that
of
the
im
planted
im
m
ature
fish.
Sim
ilarly,
the
plasm
a
co
rtisol
levels
of
im
planted,
m
ature,
m
ale
brown
trout
w
e
re
50%
low
er
than
those
of
im
planted,
m
ature,
fem
ale
brown
trout.
This
suggests
that
the
rate
of
clearance
of
the
horm
one
differs
significantly
between
the
groups.
In
this
co
ntext,
it
is
interesting
to
n
ote
that
Sum
pter
et
al.(1987)
reported
that
se
xu
ally
m
ature
m
ale
brown
trout
a
nd
rainbow
trout
had
a
significantly
reduced
co
rtisol
re
sponse
to
a
standardized,
short-term
(I
h)
handling
a
nd
o
a
nfinem
ent
stress
w
hen
co
m
pared
w
ith
se
xu
ally
im
m
ature
fish
from
the
sa
m
e
population.
These
differences
in
circulating
co
rtisol
levels
m
ake
it
m
o
re
difficult
to
co
rrelate
differences
in
lym
phocyte
se
n
sitivity
to
co
rtisol
(experiment
I)
w
ith
the
observed
differences
insusceptibility
to
disease
se
e
nin
e
xperim
ent
2.
H
ow
ever,
the
dram
atic
increase
in
diseaseseenin
co
rtisol-treated
brown
trout(compared
w
ith
the
rainbow
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trout)
strongly
suggestthat
the
greater
se
n
sitivity
of
the
circulating
lym
phocyte
population
in
the
brown
trout
is
atleastpartly
re
sponsible
for
the
increased
su
scep-
tibility
to
disease.Thus,
w
hen
attem
pting
to
a
sse
ss,by
m
e
a
n
s
of
physiological
a
nd
e
ndocrinological
changes,
the
se
n
sitivity
of
fish
populations
to
e
n
vironm
ental
stress,n
ot
o
nly
m
u
st
o
n
e
take
into
a
cco
u
nt
speciesdifferences
in
the
m
agnitude
of
the
m
e
a
su
rable
co
rtisol
re
sponse
but
also
potential
differences
between
species
in
the
se
n
sitivity
of
the
target
tissues
to
the
steroid.
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Introduction
Activation
of
the
hypothalam
ic-pituitary-inter-
re
n
al
a
xis
is
a
ce
ntral
co
m
ponent
of
the
re
sponse
of
teleost
fish
to
m
o
st
form
s
of
e
n
vironm
ental
stress
(Donaldson
1981).It
has
been
presum
ed,
although
by
n
o
m
e
a
n
s
co
n
vincingly
dem
onstrated,
that
the
e
n
e
rgy-m
obilizing
properties
of
the
se
creted
co
r-
ticosteroids
a
re
of
adaptive
value
in
the
fish's
at-
tem
pts
to
a
void
o
r
o
ve
rco
m
e
the
im
m
ediate
threat.
Paradoxically,
co
rticosteroids
a
re
also
know
n
to
have
suppressive
effects
o
n
the
defence
system
s
of
fish
(see
Ellsaesser
a
nd
Clem
1987;
M
aule
et
at
1987;Tripp
et
at
1987
for
key
referenceS),
effeCts
w
hich
a
re
believed
to
be
re
sponsible
for
the
ob-
Ilish
Physiology
a
nd
Biochem
istry
w
ill-
7
n
o
1-4
Pp
233.258
(1989)
Kuglcr
Publications.
Am
sterdam
/Berkeley
se
rved
increase
in
su
sceptibility
to
disease
during
o
r
after
periods
of
e
n
vironm
ental
stress(W
edemeyer
a
nd
M
cLeay
1981).Thus,
there
m
u
st
be
a
balance
between
the
adaptive
a
nd
m
aladaptive
effects
of
this
co
m
ponent
of
the
fish's
stress
re
sponse.
Som
e
of
the
e
a
rlier
studies
o
n
the
effects
of
ca
r-
ticosteroids
o
n
the
defence
system
s
a
nd
disease
re
sistance
of
teleost
fish
u
sed
pharm
acologically
high
horm
one
doses
(e.g.
R
obertson
et
al.
1963;
R
oth
1972;
Chilm
onczyk
1982),
others
have
u
sed
synthetic
co
rticostcroids
of
u
nknow
n
o
r
u
n
m
e
a
s-
u
red
potency
in
teleost
fish
(Bullock
a
nd
Stuckey
1975;
Anderson
et
at
1982;
H
oughton
a
nd
M
at-
thew
s
1986;W
echsler
et
al.
1986)
o
r
have
n
ot
m
e
a
s-
u
red
the
co
n
ce
ntration
of
circulating
co
rticos-
254
teroids
following
e
xperim
ental
adm
inistration
(Ghoneum
etat
1986).This
m
akes
itdifficult
to
a
s-
se
ss
the
physiological
significance
of
these
studies
a
nd
e
m
phasizes
the
n
e
ed
for
m
o
re
detailed
infor-
m
ation
o
n
the
levels
of
circulating
co
rticosteroids
in
both
u
n
stressed
a
nd
stressed
fish
if
w
c
a
rc
to
u
nder-
stand
how
the
balance
between
adaptive
a
nd
m
aladaptive
effects
of
elevated
co
rticosteroids
lev-
els
is
a
chieved
in
stressed
fish.
The
present
study
e
xa
m
ines
the
m
agnitude
a
nd
duration
of
the
co
rtisol
re
sponse
of
brown
trout,
Salm
o
truila
L.,
a
nd
rainbow
trout,
Salm
o
gaird-
n
e
ri
R
ichardson,
to
both
a
cute
a
nd
chronic
stresses
a
nd,
in
the
light
of
this
inform
ation,
investigates
the
effects
of
physiological
doses
of
co
rtisol
o
n
the
re
sistance
of
brown
trout
to
the
n
atural
challenge
of
co
m
m
o
n
fungal
a
nd
bacterial
pathogens.
M
aterials
a
nd
m
ethods
Experim
ental
,fiSh
All
the
fish
u
sed
in
this
investigation
W
ere
re
a
red
at
the
FBA's
e
xperim
ental
fish
hatchery
in
large
(1500
I).
o
utdoor,
fibreglass
tanks
e
a
ch
supplied
w
ith
a
co
n
stant
flow
of
W
inderm
ere
lake
w
ater
(35
1
m
in-4.
The
fish
w
e
re
fed
w
ith
co
m
m
e
rcial
trout
pellets
at
the
rates
re
co
m
m
e
nded
by
the
m
a
n
ufac-
turers
(exact
rate
dependent
upon
w
ater
tem
pera-
ture
-
a
n
n
u
al
ra
nge
3-18°C).
Response
to
a
cute
stress
828
2
+
brown
trout
(FBA
strain,
m
e
a
n
body
'w
eight
330
g)
w
e
re
divided
equally
into
18
re
a
ring
tanks
during
e
a
rly
April
a
nd
left
for
a
period
of
tw
o
w
e
eks
to
re
co
ve
r
from
the
effects
of
handling
(Pick-
e
ring
et
at
1982).The
fish
from
e
a
ch
tank
w
e
re
then
stressed
by
transfer
to
sm
all(80
x
40
x
20
cm)
tanks,
e
a
ch
supplied
w
ith
a
co
n
stant
flow
of
lake
w
ater
(201
m
in
°I,
6•C),
for
a
period
of
1
h
before
being
returned
to
their
o
riginal
re
a
ring
tanks.
Sam
-
ples
of
6
fish
w
e
re
taken
from
duplicate
tanks
at
0,
0.5,
I,
2,4,
13,24.48
a
nd
96
h
post-stress
so
that
n
o
tank
w
a
s
repeatedly
sa
m
pled.
At
e
a
ch
sa
m
pling
tim
e
the
fish
w
e
re
rapidly
a
n
a
e
sthetized
in
phenox-
yethanol
(1:2000)
a
nd
blood
sa
m
ples
taken
by
m
e
-
a
n
s
of
a
heparinized
syringe
from
the
ca
udal
ve
s-
sels.
Aliquots
of
blood
plasm
a
w
e
re
then
stored
at
-70°C
u
ntil
a
ssayed
for
co
rtisol.
The
e
xperim
ent
w
a
s
then
repeated
w
ith
1+
rainbow
trout
(Homc
strain,
m
e
a
n
body
w
eight
207
g,
w
ater
tem
perature
9°C).A
further
co
m
parison
of
the
effects
of
a
cute
stress
o
n
brown
trout
a
nd
rainbow
trout
w
a
s
per-
form
ed
in
a
subsequent
study
during
July.
A
popu-
lation
of
660
I
+
brown
trout
(Dunsop
Bridge
strain)
w
a
s
divided
equally
into
22
re
a
ring
tanks
a
nd
left
for
a
period
of
2
w
e
eks
to
re
co
ve
r
from
the
handling
stress.
The
w
ater
in
e
a
ch
tank
w
a
s
then
drained
a
nd
the
fish
w
e
re
e
xposed
to
the
air
for
a
period
of
30
se
co
nds
(emersion
stress)
before
the
tanks
w
e
re
refilled.
Thus,
the
stress
w
a
s
of
shorter
duration
than
in
the
first
e
xperim
ents
(see
above)
a
nd
did
n
ot
include
the
stress
of
handling.
W
ater
tem
perature
during
this
study
w
a
s
in
the
ra
nge
11-14°C.
Blood
sa
m
ples
w
e
re
takenat
regular
in-
tervals
up
to
336
h
post-stress
from
duplicate
tanks
(6
fish
tank
-1).
A
parallel
study
w
ith
1
+
rainbow
trout
(Stirling
strain)
w
a
s
u
ndertaken
a
nd
again,
n
o
tank
w
a
s
sa
m
pled
m
o
re
than
o
n
ce
.
Strain
differences
in
re
sponse
to
a
culte
stress
Five
strains
of
1+
rainbow
trout
(A
Caribou,
B
N
ew
Zealand,
C
Butley,
D
H
om
e,
E
Cloan)
a
nd
three
strains
of
I
+
brown
trout
(F
D
unsop
Bridge,
G
FBA,
H
H
ungerford)
w
e
re
subjected
to
a
period
of
1
h
co
nfinem
ent
stress(see
above)
at
four
differ-
e
nt
tim
es
of
the
year
(October,
January.
M
arch,
July).
Blood
sa
m
ples
w
e
re
taken
from
10
fish
of
e
a
ch
strain
at
the
e
nd
of
e
a
ch
co
nfinem
ent
period
for
subsequent
plasm
a
co
rtisol
determ
ination.
In
addition,
blood
sa
m
ples
w
e
re
taken
from
ten
u
n
-
stressed
fish
of
e
a
ch
strain
at
the
start
of
the
study
for
the
determ
ination
of
basal
plasm
a
co
rtisol
levels.
Response
to
chronic
stress
a) Confinem
ent
In
July.
ten
I
+
rainbow
trout
(Bulky
strain,
m
e
a
n

body
w
eight
250
g)
w
e
re
individually
co
nfined
in
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Abstract
Basallevels
of
plasm
a
co
rtisol
in
u
n
stressed
salm
onid
fish
a
re
n
o
rm
ally
in
the
ra
nge
0-5
ng
m
1-1.
An
a
cute
stress
su
ch
a
s
handling
o
r
1h
co
nfinem
ent
ca
u
sed
a
tem
porary
elevation
of
the
plasm
a
co
rtisol
levels
of
both
brown
trout,
Salm
o
trutta
L.,
a
nd
rainbow
trout,
Selm
a
gairdneri
R
ichardson.
in
the
ra
nge
40-200
ng
m
l
w
ith
a
return
to
basallevels
w
ithin
24-48
h.The
e
xtent
of
the
co
rtisol
elevation
in
re
sponse
to
a
n
a
cute
stress
w
a
s
dependent
upon
both
the
species
a
nd
strain
of
trout.
Chronic
stresses,
su
ch
a
s
prolonged
co
nfinem
ent
o
r
cro
wding,
re
sulted
in
a
n
elevation
of
plasm
a
co
rtisol
levels
to
approxim
ately
I
ng
m
1-1.
Under
these
dr-
cu
m
stances,
blood
co
rtisol
levels
re
m
ained
elevated
for
periods
of
up
to
4
w
e
eks
before
a
cclim
ation
finally
o
ccu
rred.
It
is
show
n,
by
m
e
a
n
s
of
int
raperitoneal
im
plantation
of
CO
rliS01,
that
chronic
elevation
of
plasm
a
co
rtisol
levels
in
the
brown
trout
re
sults
in
a
dose-dependent
increase
in
m
o
rtality
due
to
co
m
m
o
n
bacterial
a
nd
fungal
diseases.
This
effect
is
apparent
at
plasm
a
co
rtisol
levels
a
s
low
a
s
10
ng
m
1-1,
levels
below
those
often
reported
a
s
being
representative
of
'u
n
stressed'
fish.
These
findings
a
re
discussed
in
relation
to
the
know
n
im
m
unosuppressive
effects
of
co
rticosteroids
in
telcost
fish.
11
10
•
I•1
0
•
M
O
M
IN
I
M
I
•
N
M
0
25
5
25
6
16
0
60
10
Pe
ak
pl
um
e
C
O
rt
tiO
1
rn
po
ns
s
toso
u
t•
ha
nC
II
In
gI
C
IM
II
M
O
M
M
I
nm
t
11
4•
11
05
0v
4
M
O
UT
B
R
O
W
N
TR
O
UT
R
ai
nb
ow
n
o
w
Co
nl
in
er
na
ni
•
R
ai
nb
ow
Cr
ow

Cu
m
oI
ng
D
ro
w
n
Tl
os
i
cr
o
w
di
ng
2
•
10
20
40
M
O
12
0
Ti
ny
in
da
y.
30
10
06
M
.
po
st
-w
en
In
N
ow
a
Fi
g.
I.
Ex
am
pl
es
o
f
th
e
m
a
gn
itu
de
a
n
d
du
ra
tio
n
o
f
th
e
co
rti
so
l
re
sp
on
se
o
f
tro
ut
to
a
cu
te
st
re
ss
.
Up
pe
r
gr
ap
h
-
th
e
re
sp
on
se
to
a
n
d
su
bs
eq
ue
nt
re
co
ve
ry
fro
m
ha
nd
lin
g/
I
11
co
nf
in
em
en
t
(M
di.
ca
le
d
by
th
e
sh
ad
ed
a
re
a
).
Lo
w
er
gr
ap
h
-
th
e
re
sp
on
se
to
a
n
d
re
co
ve
ry
fro
m
30
se
c
e
m
e
rs
io
n
st
re
ss
.
Co
nt
in
uo
us
lin
es
re
pr
es
en
t
th
e
br
aw
n
tro
ut
,
br
ok
en
lin
es
th
e
ra
in
bo
w
tro
ut
.
Ea
ch
po
in
t
is
th
e
a
rit
hm
et
ic
m
e
a
n
±
SE
M
(n
12
).
sm
a
ll
ta
nk
s
(50
I),
e
a
ch
su
pp
lie
d
w
ith
a
co
n
st
an
t
flo
w
o
f
la
ke
w
a
te
r
(20
1
m
in
-1
,
13
-1
7°
C)
,
a
n
d
fe
d
a
t
a
ra
te
o
f
1
W
O
bo
dy
w
e
ig
ht
da
y
-
1.
Fi
sh
w
e
re
a
n
a
e
st
he
tiz
ed
(ph
en
ox
ye
tha
no
l,
1:
20
00
)
a
n
d
bl
oo
d
sa
m
pl
es
(30
0
pl
)
w
e
re
ta
ke
n
fro
m
th
e
si
nu
s
ve
n
o
su
s
o
f
e
a
ch
fis
h
a
t
0,
I,
2,
4
a
n
d
6
w
e
e
ks
po
st
-c
on
fin
e-
m
e
n
t.
Th
us
in
th
is
e
xp
er
im
en
t,
th
e
st
re
ss
co
n
si
st
ed
o
f
ch
ro
ni
c
co
n
fin
em
en
t
pl
us
re
pe
at
ed
bl
oo
d
sa
m
-
pl
in
g.
Fi
sh
o
f
th
e
sa
m
e
st
oc
k
bu
t
m
a
in
ta
in
ed
in
la
rg
e
re
a
rin
g
ta
nk
s
se
rv
e
d
a
s
co
n
tro
ls
(ea
ch
co
n
tro
l
fis
h
w
a
s
te
rm
in
al
ly
sa
m
pl
ed
).
b)
Cr
ow
di
ng
R
ep
lic
at
e
re
a
rin
g
ta
nk
s
w
e
re
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oc
ke
d
w
ith
1
+
ra
in
-
bo
w
tro
ut
(S
tirl
ing
st
ra
in
)
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t
a
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ns
ity
o
f
12
0
g
1-
1,
co
n
tro
l
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nk
s
a
t
20
g
1-
1
(w
ate
r
flo
w
35
I m
in
-1
in
e
a
ch
ca
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,
te
m
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ra
tu
re
ra
n
ge
12
-1
5°
C)
.
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re
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ed
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.
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rth
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w
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I +
Ag
.
2.
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ls
o
f
fiv
e
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ra
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s
o
f
ra
in
bo
w
tro
ut
a
n
d
th
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e
st
ra
in
s
o
f
br
ow
n
tro
ut
im
-
m
e
di
at
el
y
a
fte
r
I
h
co
n
fin
em
en
t
(se
e
M
at
er
ia
ls
a
n
d
m
e
th
od
s
fo
r
de
ta
ils
o
f
st
ra
in
s).
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e
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itu
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f
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m
e
a
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d
a
l
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es
o
f
(he
ye
ar
.
Ea
ch
va
lu
e
is
th
e
a
rit
hm
et
ic
m
e
a
n
±
SE
M
(n
10
).
br
ow
n
tro
ut
(F
BA
st
ra
in
),
si
m
ila
r
st
oc
k
de
ns
itie
s
w
e
re
m
a
in
ta
in
ed
bu
t,
in
vi
ew
o
f
th
e
tim
e
ta
ke
n
fo
r
a
cc
lim
at
io
n
o
f
bl
oo
d
co
rti
so
l
le
ve
ls
(F
ig.
3),
th
e
sa
m
pl
in
g
pr
og
ra
m
m
e
w
a
s
e
xt
en
de
d
to
12
0
da
ys
(A
pri
l-A
ug
us
t,
w
a
te
r
te
m
pe
ra
tu
re
8-
16
°C
).
Ch
ro
ni
c
co
rti
so
l
im
pl
an
ta
tio
n
St
oc
ks
o
f
1
+
a
n
d
2
+
br
ow
n
tro
ut
(F
BA
st
ra
in
)
w
e
re
im
pl
an
te
d
w
ith
co
rti
so
l
su
sp
en
de
d
in
m
o
lte
n
co
co
a
-b
ut
te
r
(se
e
Pi
ck
er
in
g
a
n
d
D
us
to
n
19
83
fo
r
de
ta
ils
)
a
t
do
se
s
w
ith
in
th
e
ra
n
ge
0-
10
0
m
g
kg
-1
du
rin
g
th
e
pe
rio
d
Fe
br
ua
ry
-S
ep
te
m
be
r
(te
mp
era
-
tu
re
ra
n
ge
4-
I8
°C
).
Th
e
m
a
jor
ity
o
f
th
e
2+
fis
h
a
n
d
a
pp
ro
xim
at
el
y
50
%
o
f
th
e
I +
m
a
le
s
sh
ow
ed
si
gn
s
o
f
a
ct
ua
l
m
a
tu
ra
tio
n
du
rin
g
th
e
la
te
r
st
ag
es
o
f
th
e
st
ud
y.
M
or
ta
lit
ie
s
du
e
to
di
se
as
e
w
ith
in
e
a
ch
e
x-
A
g.
J.
Ex
am
pl
es
o
f
th
e
co
n
is
ol
re
sp
on
se
of
tro
ut
to
co
n
fin
em
en
t
st
re
ss
a
n
d
to
cr
o
w
di
ng
st
re
ss
(se
e
M
at
er
ia
ls
a
n
d
m
e
th
od
s
fo
r
de
.
ta
ils
).
St
re
ss
ed
fis
h
a
re
re
pr
es
en
te
d
by
th
e
br
ok
en
lin
es
,
u
n
-
st
re
ss
ed
co
n
tro
ls
by
th
e
co
n
tin
uo
us
lin
es
.
Ea
ch
va
lu
e
is
th
e
a
rit
h-
m
e
tic
m
e
a
n
s
SE
M
(n
10
-1
6).
pe
rim
en
ta
l
po
pu
la
tio
n
w
e
re
m
o
n
ito
re
d
o
n
a
da
ily
ba
sis
a
n
d
w
e
e
kl
y
bl
oo
d
sa
m
pl
es
w
e
re
ta
ke
n
fro
m
a
m
in
im
um
o
f
e
ig
ht
he
al
th
y
fis
h
pe
r
tre
at
m
en
t.
Th
e
du
ra
tio
n
o
f
th
e
m
o
n
ito
rin
g
pe
rio
d
fo
r
e
a
ch
e
x-
pe
rim
en
ta
l
po
pu
la
tio
n
w
a
s
in
ve
rs
el
y
re
la
te
d
to
th
e
m
o
rta
lit
y
ra
te
a
n
d
va
rie
d
be
tw
ee
n
2-
10
w
e
e
ks
.
Pl
as
m
a
co
rti
so
l
de
te
rm
in
at
io
n
Pl
as
m
a
co
rti
so
l
le
ve
ls
w
e
re
m
e
a
su
re
d
u
si
ng
a
va
li-
da
te
d
a
n
d
ch
ar
ac
te
riz
ed
ra
di
oi
m
m
un
oa
ss
ay
(se
e
Pi
ck
er
in
g
e
t a
l.
19
87
fo
r
de
ta
ils
).
Th
e
e
ffi
cie
nc
y
o
f
th
e
e
th
yl
a
ce
ta
te
e
xt
ra
ct
io
n
st
ag
e
w
a
s
gr
ea
te
r
th
an
99
%
fo
r
bo
th
sp
ec
ie
s
o
f
tro
ut
.
Th
e
co
rti
so
l
da
ta
fo
r
e
a
ch
e
xp
er
im
en
t
w
e
re
a
n
a
lys
ed
by
a
n
a
lys
is
o
f
va
ri-
a
n
ce
(G
en
sta
t)
w
ith
pr
io
r
tra
ns
fo
rm
at
io
n
(4
o
r
lo
g),
w
he
re
n
e
ce
ss
a
ry
,
to
im
pr
ov
e
ho
m
og
en
ei
ty
o
f
va
ria
nc
e.
H
ow
ev
er
,
fo
r
e
a
se
o
f
pr
es
en
ta
tio
n,
th
e
co
rti
so
l
da
ta
in
th
is
pa
pe
r
a
re
gi
ve
n
a
s
th
e
a
rit
hm
et
ic
Th
e
m
e
a
n
ba
sa
l p
la
sm
a
co
rti
so
l
le
ve
ls
in
u
n
st
re
ss
ed
tro
ut
o
f
bo
th
sp
ec
ie
s
w
e
re
a
lw
ay
s
le
ss
th
an
5
n
g
m
l -
I
a
n
d
u
su
a
lly
in
th
e
ra
n
ge
1-
2
n
g
m
1-
1.
Bo
th
a
cu
te
co
n
fin
em
en
t
a
n
d
br
ie
f
e
m
e
rs
io
n
st
re
ss
ca
u
se
d
a
tra
ns
ito
ry
e
le
va
tio
n
o
f
pl
as
m
a
co
rti
so
l
le
ve
ls
w
ith
a
re
tu
rn
to
co
n
tro
l
va
lu
es
w
ith
in
24
-4
8
h
(F
ig.
I).
Pe
ak
co
rti
so
l
le
ve
ls
w
e
re
10
0-
15
0
n
g
m
V1
in
th
e
br
ow
n
tro
ut
.
40
-8
0
n
g
m
1-
1
in
th
e
ra
in
bo
w
tro
ut
.
An
al
ys
is
o
f
va
ria
nc
e
o
f
th
e
co
rti
so
l
re
sp
on
se
o
f
di
ffe
re
nt
st
ra
in
s
o
f
th
e
tw
o
sp
ec
ie
s
to
1
h
co
n
fin
e-
m
e
n
t
re
ve
a
le
d
m
a
rk
ed
a
n
d
hi
gh
ly
si
gn
ific
an
t
(p
<
0.
00
1)
di
ffe
re
nc
es
in
th
e
m
a
gn
itu
de
o
f
th
e
re
sp
on
se
be
tw
ee
n
di
ffe
re
nt
st
ra
in
s
o
f
ra
in
bo
w
tro
ut
.
A
co
m
-
pa
ris
on
o
f
m
e
a
n
s
(F
ig.
2)
sh
ow
ed
th
at
o
n
e
st
ra
in
o
f
ra
in
bo
w
tro
ut
(S
tra
in
A)
ha
d
co
n
si
st
en
tly
hi
gh
er
pl
as
m
a
co
rti
so
l
le
ve
ls
th
an
th
e
re
st
(p
<
0.
01
in
e
a
ch
ca
se
);
le
ve
ls
,
in
fa
ct
,
w
hi
ch
w
e
re
si
m
ila
r
to
th
os
e
o
f
th
e
br
ow
n
tro
ut
(80
-13
0
n
g
m
1-
1).
Th
e
m
e
a
n
pl
as
-
m
a
co
rti
so
l
le
ve
ls
o
f
u
n
st
re
ss
ed
fis
h
w
e
re
a
ll
le
ss
th
an
5
n
g
m
1-
1
a
lth
ou
gh
so
m
e
si
gn
ific
an
t
va
ria
tio
n
w
a
s
a
pp
ar
en
t
a
m
o
n
g
st
ra
in
s
(R
ain
bo
w
.
tro
ut
:
A
Ca
rib
ou
3.
2
±
0.
6
n
g
m
1-
1,
B
N
ew
Ze
al
an
d
2.
8
±
0.
4
n
g
m
1-
1,
C
Bu
tle
y
2-
:7
±
0.
8
n
g
m
1-
1,
H
om
e
4.
0
±
1.
)
n
g
m
1-
1,
E
Cl
oa
n
0.
5
3.
0.
1
n
g
m
1-
1.
Br
ow
n
tro
ut
:
F
D
un
so
p
Br
id
ge
0.
8
X
0.
2
n
g
G
FB
A
3.
3
±
1.
0
n
g
m
1-
1.
H
un
ge
rfo
rd
1.
1
±
0.
3
n
g
m
1-
1).
Ch
ro
ni
c
co
n
fin
em
en
t
a
n
d
cr
o
w
di
ng
pr
od
uc
ed
a
m
o
re
pr
ol
on
ge
d
e
le
va
tio
n
o
f
pl
as
m
a
co
rti
so
l
le
ve
ls
to
10
n
g
m
1-
1
(F
ig.
.3)
.
'B
lo
od
co
r-
tis
ol
co
n
ce
n
tra
tio
ns
e
ve
n
tu
al
ly
re
tu
rn
ed
to
ba
sa
l
le
ve
ls
,
de
sp
ite
th
e
co
n
tin
ue
d
st
re
ss
,
bu
t
th
is
ty
pe
o
f
a
cc
lim
at
io
n
to
ok
m
o
re
th
an
4
w
e
e
ks
in
th
e
ca
se
o
f
br
ow
n
tro
ut
su
bje
cte
d
to
th
e
st
re
ss
o
f
o
ve
r-
cr
o
w
di
ng
.
Ch
ro
ni
c
e
le
va
tio
n
o
f
pl
as
m
a
co
rti
so
l
le
ve
ls
by
m
e
a
n
s
o
f
in
tra
pe
rit
on
ea
l
im
pl
an
ta
tio
n
o
f
th
e
ho
r-
m
o
n
e
ca
u
se
d
a
do
se
-d
ep
en
de
nt
in
cr
ea
se
in
th
e
m
o
r-
ta
lit
y
ra
te
o
f
br
ow
n
tro
ut
(F
ig.
4).
Ev
en
re
la
tiv
el
y
lo
w
co
rti
so
l
le
ve
ls
(10
n
g
m
l-1
)
re
su
lte
d
in
a
si
gn
ifi-
ca
n
t
(p
<
0.
05
) e
le
va
tio
n
o
f
th
e
m
e
a
n
in
st
an
ta
ne
ou
s
m
o
rta
lit
y
ra
te
to
0.
2%
da
y-
1.
Ca
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o
f
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h
w
e
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d
a
s
a
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m
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n
o
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Fig.4.
Correlation
between
the
m
e
a
n
plasm
a
co
nisol
levels
of
stocks
of
co
rtisol-im
planted
brown
trout
a
nd
the
m
a
n
instan.
logy
-
tancous
m
o
n
ality
rate
(2
w
	,
T
w
here
N
T
a
nd
t.
N
,
a
re
the
n
u
m
bers
of
su
rviving
lish
at
tim
es
T
a
nd
re
spective.
ly)
w
ithin
e
a
ch
e
xperim
ental
population.
The
m
ajor
ca
u
se
s
of
death
in
the
co
rtisol-treated
fish
w
e
re
diagnosed
a
s
Sapralegnia
infection,
bacterial
lin.rot
a
nd
furunculosis.
Linar
regression
y
w
0.05
.7
0.034s,
r2
=
93.31/4,
p
<
0.001.
infection,
se
ve
re
bacterial
fin-rot
a
nd
furunculosis,
all
w
ell
know
n
stress-related
diseases
(see
W
ed:-
m
eyer
a
nd
M
cLeay
1981).
D
iscussion
This
paper
su
m
m
a
rizes
a
se
ries
of
studies
o
n
the
m
agnitude
a
nd
duration
of
the
co
rtisol
re
sponse
of
trout
to
e
n
vironm
ental
stress
a
nd
dem
onstrates
that
chronic,
e
xperim
ental
elevation
of
plasm
a
co
rtisol
levels
in
the
brown
trout,
from
basal
values
of
1-2
ng
m
1-I
to
o
nly
10
ng
m
1'1
is
sufficient
to
predis-
pose
so
m
e
of
the
fish
w
ithin
the
population
to
co
m
-
m
o
n
bacterial
a
nd
fungal
pathogens.
This
degree
of
co
rtisol
elevation
is
sim
ilar
to
that
observed
w
hen
trout
a
re
subjected
to
prolonged
co
nfinem
ent
o
r
o
ve
rcro
wding
a
nd
is
also
sim
ilar
to
that
found
in
brown
troutduring
the
spawning
se
a
so
n(Pickering
a
nd
Pottinger
1987),
a
n
other
period
of
increased
su
sceptibility
to
disease
(Pickering
a
nd
Christie
257
1980).
H
ow
ever,
a
s
the
present
study
show
s,
the
m
agnitude
of
the
stress-induced
co
rtisol
re
sponse
m
ay
differ
significantly
n
ot
o
nly
between
species
but
also
between
strains
of
the
sa
m
e
species.
It
is
difficult
to
equate
these
findings
w
ith
m
a
ny
of
the
previous
studies
in
this
field
because
of
the
u
se
of
e
xce
ssively
high
doses
of
n
atural
co
rticos-
teroids
o
r
the
u
se
of
synthetic
co
rticosteroids
of
u
nknow
n
potency
(see
Introduction).
H
ow
ever,
in
a
re
ce
nt
study
M
aule
etal.(1987)
dem
onstrated
that
chronic
elevation
of
plasm
a
co
rtisol
levels
in
the
coho
salm
on,
O
ncorhynchus
kisutch,
from
basal
values
of
0.5
ng
m
l
-I
to
o
nly
14
ng
m
l
-I
w
a
s
suffi-
cient
to
reduce
the
n
u
m
ber
of
a
ntibody-secreting
cells
in
fish
im
m
unized
w
ith
Vibrio
a
nguillarum
a
n
-
tigen.
M
oreover,
in
a
n
in
vitro
study
Tripp
et
al.
(1987)
also
show
ed
that
10
ng
m
l
co
rtisol
sup-
pressed
the
m
itogenic
re
sponse
of
coho
salm
on
lym
phocytes.
Thus,
thc
coho
salm
on
w
o
uld
se
e
m
to
bc
a
s
se
n
sitive
to
chronically
elevated
co
rtisol
levels
a
s
the
brown
trout.
Circum
stantial
e
vidence
indi-
cates
that
the
defence
system
s
of
Atlantic
salm
on
parr,
Salm
o
solar,
a
re
also
ve
ry
se
n
sitive
to
ca
r-
icosteroid
elevation
(Pickering
a
nd
Pottinger
1988)
although
other
e
vidence
suggests
that
rainbow
trout
m
ay
be
less
se
n
sitive
than
brown
trout
to
co
r-
ticosteroid
elevation
(A.D.
Pickering,
T.G
.
Pot-
inger
a
nd
J.F.
Carragher,
u
npublished).
The
levels
of
co
rtisol
capable
of
suppressing
the
defence
system
s
of
these
fish
a
re
low
er
than
m
a
ny
of
the
reported
plasm
a
co
rtisol
levels
from
'u
n
-
stressed
fish.
Indeed
in
a
literature
su
rvey
of
this
field,
of
82
publications
o
n
salm
onid
fish
w
e
found
that
the
m
ajo
rity
(46
papers)
reported
basal
co
rtisol
levels
of
salm
onid
fish
in
e
xce
ss
of
10
ng
m
l-t.
Un-
doubtedly
species
a
nd
strain
differences
in
basal
plasm
a
co
rtisol
levels
e
xist(see
also
W
oodward
a
nd
Strange
1987),
although
w
e
have
co
n
sistently
m
e
a
s-
u
red
basal
co
rtisol
levels
in
three
Salm
o
species(S.
&utter,
S.gairdneri
a
nd
S.
salar)and
tw
o
species
of
Salvelinus
(S.
alpinus
a
nd
S.ft:guineas)
w
ithin
the
ra
nge
0-5
ng
m
1-1
(A.D.
Pickering
a
nd
T.G
.
Pot-
finger,
u
npublished),
a
nd
further
co
m
parative
stu-
dies
w
ithin
the
Salm
onidae
a
re
n
e
eded.If,
how
ever,
the
degree
of
se
n
sitivity
of
the
defence
system
s
of
the
brown
trout
to
chronic
elevation
of
plasm
a
co
rtisol
levels
proves
to
be
characteristic
of
m
a
ny
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m
e
m
bers
of
this
group
of
teleosts,
co
n
siderable
at-
tention
m
u
st
be
given
to
e
xperim
ental
design
in
o
rd-
e
r
to
a
void
problem
s
of
chronic
stress
in
co
ntrol
fish.
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o
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a
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A.D
.
Pickering.
Aca-
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W
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a
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F
ISH
H
USBANDRY
A
N
D
STRESS
discussion
of
egg
q
u
ality
in
the
industry).
A
D
Pickering,
I
n
s
titute
of
F
r
e
shwater
E
c
ology,
The
F
e
r
r
y
H
o
u
s
e
,
F
a
r
Sawrey,
N
e
a
r
A
mbleside,
C
u
mbria
L
A22
O
L
P
I
n
t
r
oduction
A
t
a
r
e
c
e
n
t
C
o
o
rdinator
of
Fisheries
R
e
s
e
a
r
ch
a
nd
D
e
v
elopment
(CFRD)
W
o
rking
G
r
o
u
p
o
n
T
r
o
u
t
C
ultivation
it
w
a
o
minuted
that
'
there
had
been
significant
improvement
with
diseases
o
n
farms
through
greater
a
t
t
e
n
tion
t
o
s
t
r
e
s
s
o
n
the
fish,
but
that
it
had
been
a
chieved
by
intuition
r
a
ther
than
through
s
cientific
advice
o
r
u
nderstanding'.
A
r
e
c
o
m
m
e
ndation
w
a
s
m
ade,
therefore,
t
o
improve
u
nderstanding
a
nd
p
r
o
vide
s
u
ch
advice
by
m
e
a
n
s
of
a
n
a
r
ticle
in
T
r
o
u
t
N
e
w
s
.
Tbe
Stress
R
e
s
p
o
n
s
e
when
a
fish
is
alarmed
in
a
n
y
w
a
y
,
o
r
s
ubjected
t
o
adverse
e
n
vironmental
c
o
nditions,
it
initiates
a
s
e
ries
of
physiological
changes
which
s
witch
los
m
e
t
abolism
from
a
s
t
a
t
e
of
feeding
a
nd
growth
t
o
o
n
e
in
which
the
body
r
e
s
e
r
v
e
s
a
r
e
broken
down
a
nd
u
s
ed.
I
n
the
n
a
t
u
r
al
e
n
vironment,
the
increased
a
v
ailable
e
n
e
rgy
obtained
by
this
m
e
chanism
is
u
s
ed
by
the
fish
a
s
it
a
t
t
e
m
p
t
s
t
o
a
v
oid
o
r
o
v
e
r
c
o
m
e
the
immediate
threat.
If
the
fish
c
a
n
n
o
t
a
v
oid
o
r
o
v
e
r
c
o
m
e
the
s
t
r
e
s
s
,
a
s
is
u
s
u
ally
the
c
a
s
e
u
nder
farm
c
o
nditions,
the
s
t
r
e
s
s
r
e
s
p
o
n
s
e
will
be
both
p
r
olonged
a
nd
e
x
aggerated
a
nd
the
fish's
s
t
a
t
e
of
health
will
be
impaired.
D
a
m
aging
Effects
of
Stress
I
n
its
simplest
t
e
r
m
s
,
the
life
of
a
fish
c
a
n
be
described
by
3.essential
features:
s
u
r
vival,
growth
a
nd
r
e
p
r
oduction.
The
p
rimary
aim
of
t
r
o
u
t
farming
is
t
o
m
a
ximise
these
characteristics
u
nder
intensive
r
r
r
r
rng
c
o
nditions.
Survival
Stressful
c
o
nditions
c
a
n
decrease
s
u
r
vival
r
a
t
e
s
by
	
1
m
e
chanisms.
Stressed
fish
have
•
greatly
inceeeeed
r
a
t
e
of
o
x
ygen
c
o
n
s
u
m
p
tion
a
nd
a
r
e
,
therefore,
m
u
ch
m
o
r
e
liable
t
o
deplete
the
dissolved
o
x
ygen
t
o
dangerouslylow
levelsduring
c
o
nfinement(e.g.
long-distancet
r
a
n
s
p
o
r
t).
This
p
r
oblemis
e
x
a
c
e
rbated
a
t
high
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
s
.
St
e
e
e
e
ed
fish
also
lose
s
alts
in
freshwater
a
nd
c
a
n
die
because
the
s
alt
c
o
n
c
e
n
t
r
a
tionin
the
blood
drops
t
o
lethal
levels.
The'ihird,a
nd
p
e
rhapsmost
far-reaching,
c
o
n
s
e
q
u
e
n
c
e
of
s
t
r
e
s
s
is
the
ability
of
the
fish
t
O
r
e
sist
di
.
M
o
s
t
a
s
p
e
c
t
s
of
the
fish's
defence
s
y
s
t
e
m
s
a
r
e
s
o
e
e
e
e
e
e
ly
s
u
p
p
d
that
the
fish
become
e
x
t
r
e
m
ely
v
ulnerable
t
o
a
wide
r
a
nge
of
c
o
m
m
o
n
p
a
thogens
(viral,
bacterial,
fungal
a
nd
p
a
r
a
sitic).
A
r
elated
c
o
n
s
e
q
u
e
n
c
e
of
this
t
y
p
e
of
damage
is
a
m
a
rked
r
eduction
in
the
effectiveness
of
v
a
c
cines
in
s
t
e
e
e
e
ed
fish
(see
a
r
ticle
by
P
D
Smith,
T
r
o
u
t
N
e
v
a
N
o
4,
1987.
11-13).
G
r
o
w
th
O
n
e
of
the
first,
a
nd
m
o
s
t
u
s
eful,
indicationsof
s
t
r
e
s
sis
a
r
efusal
of
the
fish
t
o
feed.
This,
t
ogether
with
the
hornonal
changes
that
c
a
u
s
e
a
s
t
r
e
s
s
ed
fish
t
o
break
down
its
o
w
n
body
tissues,
is
r
e
s
p
o
n
sible
for
r
educed
growth
r
a
t
e
,
increased
food
c
o
n
v
e
r
sion
r
a
tio
a
nd
r
educed
c
o
ndition
factor.
F
r
o
m
a
n
e
c
o
n
o
mic
viewpoint,
loss
of
p
r
oduction
via
growth
s
u
p
p
r
e
s
sion
o
af
be
a
s
damaging
t
o
a
fish
farm
a
s
s
t
r
e
s
s
-
r
elateddisease
p
r
oblems.
R
e
p
r
oduction
R
e
c
e
n
t
e
vidence
has
linked
the
s
u
p
p
r
e
s
sionof
r
e
p
r
oductive
p
r
o
c
e
s
s
e
s
in
fish
t
o
s
t
r
e
s
sful
e
n
vironmental
c
o
nditions.
H
o
w
e
v
e
r
,
m
u
ch
m
o
r
e
w
o
rk
is
n
e
eded
o
n
the
r
elationships
between
this
effect
of
s
t
r
e
s
s
a
nd
the
differences
between
v
a
rious
r
ainbow
t
r
o
u
t
s
t
r
ains
o
n
r
e
p
r
oductive
s
u
c
c
e
s
s
(see
a
r
ticle
by
J
Springate
a
nd
N
B
r
o
m
age,
T
r
o
u
t
N
e
w
s
N
o
.
3,
1987,
6-7,
for
•
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P
r
oduct
Quality
Fish
should
be
c
a
p
t
u
r
ed
a
nd
slaughtered
a
s
q
uickly
a
nd
c
a
r
efully
a
s
p
o
s
sible
in
o
rder
t
o
a
v
oid
che
s
t
r
e
s
s
-induced
depletion
of
glucose
r
e
s
e
r
v
e
s
in
the
m
u
s
cle.
This
improves
the
keeping
q
u
ality
a
nd
flavour
(see
B
T
A
Quality
A
s
s
u
r
a
n
c
e
C
ode
of
P
r
a
c
tice).
F
u
r
thermore,
s
t
r
e
s
s
r
educes
pigment
deposition
in
fish
destined
for
the
t
able
(see
a
r
ticle
by
R
Simnott,
T
r
o
u
t
N
e
w
s
N
o
7,
1988,
8-11)
a
nd
m
a
y
r
educe
the
firmness
of
the
flesh
by
inhibiting
che
n
o
r
m
al
development
of
c
o
n
n
e
c
tive
tissue
between
the
m
u
s
cle
fibres.
Minimising
Stress
So
far,
this
a
r
ticle
has
o
u
tlined
the
n
a
t
u
r
e
of
the
s
t
r
e
s
s
r
e
s
p
o
n
s
e
in
fish
a
nd
e
m
phasised
the
damage
c
o
fish
p
r
oduction
but
little
has
been
s
aid
about
the
factors
c
a
u
sing
s
t
r
e
s
s
a
nd
m
e
thods
of
minimising
damage.
I
t
is
the
c
o
n
v
e
n
tion
t
o
describe
s
t
r
e
s
s
e
s
a
s
either
a
c
u
t
e
o
r
chronic,
a
distinction
which
does
n
o
t
n
e
c
e
s
s
a
rily
r
eflect
the
degree
of
s
e
v
e
rity
but
which
describes
the
time-course
of
the
s
t
r
e
s
s
.
A
n
a
c
u
t
e
s
t
r
e
s
s
is
o
n
e
of
short
duration
(minutes
o
r
hours)
a
nd
o
n
e
in
which
the
time-course
of
the
r
e
s
p
o
n
s
e
of
the
fish
far
o
u
tlasts
that
of
the
s
t
r
e
s
s
.
I
n
the
a
q
u
a
c
ulture
industry,
n
e
t
ting,
grading,
handling,
v
a
c
cina-
tion,
flush
p
r
o
phylactic
t
r
e
a
t
m
e
n
t
s
,
t
r
a
n
s
p
o
r
t
,
s
udden
t
e
m
p
e
r
a
t
u
r
e
shock
(in
either
direction)
w
o
uld
all
be
included
in
the
c
a
t
egory
of
a
c
u
t
e
s
t
r
e
s
s
.
A
chronic
s
t
r
e
s
s
L
s
a
c
o
n
tinual
s
t
r
e
s
s
from
which
there
is
n
o
e
s
c
a
p
e
.
O
v
e
r
-
c
r
o
wding,
p
o
o
r
w
a
t
e
r
q
u
ality,
s
o
cial
interaction
between
fish
a
nd
e
x
p
o
s
u
r
e
t
o
a
n
o
v
el
e
n
vironment
(e.g.
t
r
a
n
sfer
of
fish
from
e
a
r
th
p
o
nds
t
o
circular
t
a
nks)
a
r
e
all
e
x
a
m
ples
of
chronic
s
t
r
e
s
s
a
s
s
o
ciated
with
fish
farming.
I
t
is
clear
that,
during
n
o
r
m
al
a
q
u
a
c
ulture
o
p
e
r
a
tions,
it
will
be
impos-
sible
t
o
a
v
oid
m
a
n
y
of
the
p
r
o
c
edures
knovn
t
o
induce
s
t
r
e
s
s
r
e
s
p
o
n
s
e
s
in
fish.
N
e
t
ting,
grading
a
nd
t
r
a
n
s
p
o
r
t
a
r
e
integral
c
o
m
p
o
n
e
n
t
s
of
the
fish-farming
r
o
u
tine
a
nd,
a
s
best,
all
that
the
fish
farmer
c
a
n
do
is
t
o
minimise
the
effects
of
this
t
y
p
e
of
s
t
r
e
s
s
.
The
choice
of
t
e
chniques,
however,
c
a
n
influence
the
degree
of
s
t
r
e
s
s
.
F
o
r
e
x
a
m
ple,
s
o
m
e
r
e
c
e
n
t
Scandinavian
w
o
rk
shows
that
m
o
ving
fish
by
m
e
a
n
s
of
n
e
t
s
c
a
u
s
ed
greater
growth
s
u
p
p
r
e
s
sion
than
that
of
piping
the
fish.
Some
chronic
s
t
r
e
s
s
e
s
a
r
e
a
v
oidable
a
nd
m
u
s
t
be
e
v
aded
if
the
fish
a
r
e
t
o
r
e
m
ain
healthy,
a
t
t
ain
their
full
growth
p
o
t
e
n
tial
a
nd
p
r
oduce
eggs
a
nd
s
p
e
r
m
of
the
highest
q
u
ality.
U
nder
c
o
nditions
of
chronic
s
t
r
e
s
s
,
the
fish
will
m
ake
c
e
r
t
ain
physiologicaladjustmentst
o
minimise
damage
a
s
it
a
t
t
e
m
p
t
s
t
o
a
c
climate
t
o
the
c
o
nditions,but
this
p
r
o
c
e
s
s
is
r
a
r
ely
c
o
m
plete
a
nd
p
e
rformancewill
invariablybe
impaired.
I
t
is
n
o
t
the
p
u
r
p
o
s
e
of
this
a
r
ticle
t
o
define
o
p
timal
e
n
vironmental
c
o
nditions
-
indeed
these
v
a
r
y
with
the
s
p
e
cies
a
nd
site
of
fish
a
nd
m
o
s
t
farmers
a
r
e
fully
familiar
with
a
p
p
r
o
p
riateguidelines
for
s
t
o
cking
density,
w
a
t
e
r
flow,
feedingrates
e
t
c
.
I
t
is
the
p
u
r
p
o
s
e
of
this
a
r
ticle
t
o
c
o
n
vincethe
farmer
of
the
damaging
c
o
n
s
e
q
u
e
n
c
e
s
of
s
t
r
e
s
s
o
n
s
u
r
vival,
growth
a
nd
r
e
p
r
oduction
if
these
guidelines
a
r
e
ignored.
I
n
those
circunstances
where
s
t
r
e
s
s
e
s
(usually
a
c
u
t
e)
c
a
n
n
o
t
be
a
v
oided,
there
a
r
e
s
till
s
o
m
e
t
a
c
tics
that
the
farmer
c
a
n
adopt
t
o
p
r
o
t
e
c
t
his
fish:
1.
I
n
general,
the
longer
the
p
e
riod
of
s
t
r
e
s
s
the
greater
the
damage.
Thus,
r
educing
the
time
t
aken
t
o
n
e
t
,
grade
a
nd
t
r
a
n
s
p
o
r
t
fish
will
e
n
c
o
u
r
age
a
m
o
r
e
r
a
pid
r
e
c
o
v
e
r
y
from
s
t
r
e
s
s
.
H
o
w
e
v
e
r
,
it
m
u
s
t
be
r
e
alised
that
s
o
m
e
of
the
effects
of
a
c
u
t
e
s
t
r
e
s
s
of
o
nly
1
o
r
2
minutes
m
a
y
last
for
a
c
o
n
siderable
p
e
riod
of
time.
The
defence
s
y
s
t
e
m
s
m
a
y
be
s
u
p
p
r
e
s
s
ed
for
s
e
v
e
r
al
days
a
nd
farmers
should
be
p
a
r
ticularly
vigilant
in
their
w
a
t
ch
for
disease
o
u
tbreaks
•
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M
du
ri
ng
t
he
w
e
e
k
fo
ll
ow
in
ga
n
y
di
st
ur
ba
nc
e
o
f
t
he
fi
sh
.
I
n
o
u
r
e
x
p
e
r
im
en
ta
l
w
o
r
k,
w
e
r
o
u
t
in
el
yu
se
a
r
e
c
o
v
e
r
y
p
e
r
io
d
o
f
2
w
e
e
ks
t
o
be
c
o
n
fi
de
nt
t
ha
t
t
he
p
hy
si
ol
og
yo
f
t
he
fi
sh
ha
s
r
e
t
u
r
n
e
d
t
o
n
o
r
m
a
l.
T
he
hi
gh
er
t
he
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
,
t
he
g
r
e
a
t
e
r
t
he
s
t
r
e
s
s
r
e
s
p
o
n
s
e
.
O
n
t
ho
se
fa
rm
s
in
w
hi
ch
t
he
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
v
a
r
ie
s
s
e
a
s
o
n
a
ll
y,
it
is
s
a
fe
r
t
o
c
a
r
r
y
o
u
t
p
o
t
e
n
t
ia
ll
ys
t
r
e
s
s
fu
l
p
r
o
c
e
du
re
s
du
ri
ng
t
he
w
in
te
r
m
o
n
t
hs
.
N
o
t
e
:
O
n
e
p
o
s
s
ib
le
e
x
c
e
p
t
io
n
t
o
t
hi
s
p
r
in
ci
pl
e
is
v
a
c
c
in
at
io
n,
be
ca
us
e
t
he
t
im
e
t
a
ke
n
t
o
de
ve
lo
p
p
r
o
t
e
c
t
iv
e
im
mu
ni
ty
is
m
u
c
h
lo
ng
er
a
t
lo
w
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
s
.
R
e
s
p
ir
at
or
y
s
t
r
e
s
s
L
s
p
a
r
t
ic
ul
ar
ly
da
ma
gi
ng
a
t
hi
gh
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
sb
ec
au
se
t
he
o
x
y
g
e
n
r
e
q
u
ir
em
en
ts
o
f
t
he
fi
sh
a
r
e
e
le
va
te
d
a
t
a
t
im
e
w
he
n
t
he
o
x
y
g
e
n
c
a
r
r
y
in
g
c
a
p
a
c
it
y
o
f
t
he
w
a
t
e
r
is
r
e
du
ce
d.
T
he
e
ff
ec
ts
o
f
m
u
lt
ip
le
s
t
r
e
s
s
e
s
m
a
y
be
a
dd
it
iv
e
o
r
e
v
e
n
s
y
n
e
r
g
is
ti
c
(i
.e
.
t
he
y
p
r
o
du
ce
a
g
r
e
a
t
ly
e
x
a
g
g
e
r
a
t
e
d
s
t
r
e
s
s
r
e
s
p
o
n
s
e
).
I
f
r
e
p
e
a
t
e
d
s
t
r
e
s
s
e
s
a
r
e
u
n
a
v
o
id
ab
le
,t
he
re
H
is
a
n
a
dv
an
ta
ge
in
a
ll
ow
in
g
a
s
u
ff
ic
ie
nt
re
co
ve
ry
p
e
r
io
d
be
tw
ee
n
s
t
r
e
s
s
e
s
.
(I
n
t
he
c
a
s
e
o
f
m
in
or
di
st
ur
ba
nc
es
s
u
c
h
a
s
t
a
n
k
c
le
an
in
g,
t
he
fi
sh
m
a
y
a
c
c
li
ma
te
t
o
t
he
r
o
u
t
in
e
a
n
d
r
e
du
ce
t
he
ir
o
w
n
s
t
r
e
s
s
r
e
s
p
o
n
s
e
.
)S
im
ul
-
t
a
n
e
o
u
s
,
m
u
lt
ip
le
s
t
r
e
s
s
e
s
s
u
c
h
a
s
s
u
dd
en
t
e
m
p
e
r
a
t
u
r
e
c
ha
ng
e
du
ri
ng
o
r
im
me
-
di
at
el
y
a
ft
er
t
r
a
n
s
p
o
r
t
(a
c
o
m
bi
na
ti
on
o
f
c
o
n
fi
ne
me
nt
s
t
r
e
s
s
,
ha
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p
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r
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p
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c
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c
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c
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c
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ra
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at
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c
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r
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p
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d
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p
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p
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at
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re
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at
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w
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f
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.
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ca
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a
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ra
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n.
e
tc
I,
o
r
to
th
e
a
ct
io
ns
o
f
m
a
n
(po
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w
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at
io
ns
a
re
,
ho
w
ev
er
,
th
e
sa
m
e
.
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.
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.
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ra
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at
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ra
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.
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.
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ra
m
et
er
s
ca
n
be
m
e
a
su
re
d
to
gi
ve
u
s
a
n
in
di
ca
tio
n
o
r
th
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d
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f
th
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e
ffe
ct
s
w
e
re
n
o
tic
ed
a
fte
r
o
n
ly
3
w
e
e
ks
_
Th
us
,
th
e
ba
d
n
e
w
s
Is
th
at
,
in
m
o
st
o
a
se
s,
th
e
e
ffe
ct
o
r
co
rti
so
l-I
m
pl
an
ta
tio
n
o
n
th
e
re
pr
od
uc
tiv
e
pa
ra
m
et
er
w
a
s
su
pp
re
ss
ive
.
Th
e
go
od
n
e
w
s
(fo
r
yo
u)
th
ou
gh
.
Is
th
at
br
ow
n
tro
ut
w
e
re
a
ffe
ct
ed
fa
r
m
o
re
th
an
ra
in
bo
w
tro
ut
.
hr
es
en
tly
th
e
ha
rd
e
vi
de
nc
e
th
at
st
re
ss
a
ffe
ct
s
re
pr
od
uc
tio
n
to
tro
ut
is
lim
ite
d
to
th
es
e
fc
w
st
ud
ie
s.
(th
e
e
ve
n
fe
we
r
st
ud
ie
s
o
n
o
th
er
sp
ec
ie
s
su
gg
es
t
th
at
th
e
sa
m
e
a
ls
o
o
cc
u
rs
th
er
e/
.
o
w
e
ve
r
w
e
co
n
si
de
r
th
at
th
es
e
st
ud
ie
s
de
m
on
st
ra
te
co
n
vi
nc
in
gl
y
th
at
st
re
ss
ca
n
re
du
ce
th
e
re
pr
od
uc
tiv
e
ca
pa
cit
y
o
f
tro
ut
.
W
e
a
re
n
o
w
try
in
g
to
a
ss
e
ss
th
e
im
po
rta
nc
e
o
f
th
es
e
su
pp
re
ss
ed
le
ve
ls
o
f
re
pr
od
uc
tiv
e
ho
rm
on
es
o
n
th
e
st
ie
s
a
n
d
qu
an
tit
y
o
f
th
e
ga
m
et
es
(eg
gs
a
n
d
m
ilt
).
O
n
th
e
br
ig
ht
er
si
de
,
it
se
e
m
s
lik
el
y
th
at
th
e
do
m
es
tic
at
io
n
o
f
ra
in
bo
w
tro
ut
,
w
hi
ch
ha
s
cc
cu
rr
e
d
o
ve
r
a
lo
ng
pe
rio
d,
ha
s
ra
ts
ed
th
e
to
le
ra
nc
e
o
f
th
is
sp
ec
ie
s
to
st
re
ss
fu
l
pr
oc
ed
ur
es
H
ow
ev
er
,
w
e
re
co
m
m
e
n
d
th
at
a
n
y
pr
ev
en
ta
bl
e
st
re
ss
tn
g
o
f
br
oo
ds
to
ck
o
u
gh
t
to
be
m
in
im
is
ed
.
n
o
t
o
n
ly
jus
t
pr
io
r
to
sp
aw
ni
ng
,
bu
t
a
ls
o
in
th
e
pe
rio
d
w
e
ll
be
fo
re
sp
aw
ni
ng
,
be
ca
us
e
w
e
ha
ve
e
vi
de
nc
e
th
at
th
e
re
pr
od
uc
tiv
e
cy
cle
o
f
fis
h
a
t
a
n
e
a
rly
st
ag
e
o
f
go
na
da
l
gr
ow
th
is
a
ls
o
a
dv
er
se
ly
a
ffe
ct
ed
by
st
re
ss
A
Fl
tu
rc
I.
Th
e
e
ffe
ct
s
cr
e
se
u
bo
l
se
pi
a:
ru
tti
er
-I
o
n
:
(A
i w
a
ry
w
e
ig
ht
;
CM
bl
oo
d
o
ca
tra
dl
ot
a
n
d
ttl
bl
ea
t
te
st
os
tc
ro
ne
kv
el
s
In
m
a
tu
rt
kr
na
le
br
ow
n
tro
ut
.
Th
e
co
n
tro
l
As
h
va
lu
es
a
rc
!re
dl
y
sh
ad
ed
.
th
e
vo
lu
te
fo
r
th
e
8s
h
lrt
ip
la
nt
ee
l
w
ith
n
e
rd
s&
a
n
c
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rk
ly
sh
ad
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Introduction
O
utbreaks
of
disease
in
fish
populations
o
ccu
r
w
hen
su
sceptible
fish
a
re
e
xposed
to
potential
pathogens
u
nder
co
nditions
w
hich
favour
the
su
rvival
a
nd
growth
of
the
infective
o
rganism
.
Changes
in
the
physical
a
nd
chem
ical
characteristics
of
the
e
n
virdrim
ent
ca
n
increase
the
abundance
a
nd
virulence
ofpathogenic
o
rganism
s
a
s
ca
n
genetic
m
utation,
factors
w
hich
m
u
st
have
a
n
im
portant
influence
o
n
the
o
utcom
e
of
a
situation
in
w
hich
fish
a
re
challenged
by
pathogens
in
the
w
ater.
H
ow
ever
a
n
other
influence,
n
a
m
ely
the
degree
of
su
sceptibility
of
the
host,
m
ay
also
be
instrum
ental
in
determ
ining
w
hether
o
r
n
ot
pathogenic
challenge
re
sults
in
disease.
This
a
spect
of
the
equation
form
s
the
subject
for
the
present
re
view
.
Like
all
ve
rtebrates,
fish
possess
a
w
ide
a
rray
of
defence
system
s
to
protect
them
selves
against
colonization
by
disease-causing
o
rganism
s.
Under
favour-
able
co
nditions
these
system
s
co
ntrol
pathogen-loading
of
the
fish
to
su
ch
a
n
e
xtent
that
disease
(i.e.
a
n
im
pairm
ent
of
the
n
o
rm
al
physiological
functioning
of
the
w
hole,
o
r
part,
of
the
body)
is
absent.
H
ow
ever
u
nder
co
nditions
of
stress(Pickering
1981),the
defence
system
s
ca
n
breakdown
a
nd
disease
m
ay
be
ca
u
sed
by
o
rganism
s
w
hich,
u
nder
n
o
rm
al
circum
stances,
a
re
relatively
harm
less.
Stress
m
ay
take
the
form
of
a
deleterious
change
in
the
e
n
vironm
ent,
w
hich
then
ca
u
se
s
a
disturbance
of
the
n
o
rm
al
hom
eostatic
m
e
chanism
s
w
ithin
the
fish,
o
r
it
m
ay
be
ca
u
sed
by
e
ndogenous
physiological
processes
su
ch
a
s
those
a
sso
ciated
w
ith
se
xu
al
m
aturation.
Exam
ples
of
both
types
of
stress
a
re
given
in
this
paper.
Studies
of
the
effects
of
stress
o
n
disease
re
sistance
a
re
of
im
portance
w
ith
regard
to
salm
onids
because
of
the
value
of
these
fish
to
m
a
n
.
Salm
on
a
nd
trout
require
w
ater
of
high
quality
a
nd
a
re
re
a
red
in
Britain,
alm
ost
to
the
e
xdusion
of
all
other
species,
in
a
n
e
xpanding
aquaculture
industry.
The
A1949
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e
xtrem
e
se
n
sitivity
of
salm
onid
fish
to
e
n
vironm
ental
stresses,
su
ch
a
s
o
ve
rcro
wding
a
nd
w
ater
quality
deterioration,
co
nflicts
w
idi
the
co
n
stant
e
co
n
o
m
ic
pressure
to
re
a
r
su
ch
fish
u
nder
increasingly
intensive
co
nditions.
A
su
cce
ssful
fish
farm
er
m
u
st
balance
these
tw
o
opposing
factors
to
produce
high
quality
fish
a
s
cheaply
a
s
possible.
In
the
n
atural
e
n
vironm
ent
salm
onids
a
re
u
su
ally
the
first
group
of
fish
to
re
a
ct
adversely
to
deleterious
changes
in
the
e
n
vironm
ent
a
nd,
therefore,
a
re
w
idely
u
sed
a
s
biological
m
o
nitors
of
w
ater
quality.
Thus,
the
study
of
the
effects
of
stress
o
n
disease
re
sistance
in
salm
onid
fish
has
m
ajor
im
plications
for
fisheries
m
a
n
agem
ent
a
nd
for
the
aquaculture
industry.
This
re
view
su
m
m
a
rizes
a
decade
of
w
o
rk
o
n
this
subject
at
the
W
inderm
ere
Laboratory
of
the
Freshw
ater
Biological
Association
a
nd
suggests
possible
directions
for
future
re
se
a
rch.
Initially,
m
u
ch
attention
w
a
s
given
to
the
brown
trout,
Salm
o
trutta
L.,
the
dom
inant
n
ative
salm
onid
fish
in
this
a
re
a
,
although
m
o
re
re
ce
ntly
the
studies
have
also
included
the
rainbow
trout,
Salm
o
gairdneri
R
ichardson,
e
co
n
o
m
ically
the
m
o
st
im
portant
species
of
trout
u
nder
intensive
cultivation.
The
objectives
of
the
re
se
a
rch•
a
re
fou
rfold:
To
develop
techniques
capable
of
m
e
a
su
ring
physiological
stress
w
ithout
the
fish
them
selves
re
sponding
to
the
Process
of
e
xperim
entation.
To
elucidate
the
links
between
the
im
m
ediate
physiological
a
nd
e
ndocrinological
changes
that
o
ccu
r
in
re
sponse
to
stress
a
nd
the
subsequent
increased
su
sceptibility
to
disease.
To
a
sse
ss
the
value
of
physiological
changes
a
s
predictive
indicatorS
of
long-term
su
rvival.
To
invesitgate
the
possibility
of
co
ntrolling
stress
re
sponses
by
m
e
a
nS
of
horm
onal
m
a
nipulation
o
r
by
selecting
for
breeding
purposes,
fish
w
ith
low
se
n
sitivities
to
e
n
vironm
ental
stress.
Experim
ental
D
esign
W
ith
a
se
n
sitive
species
su
ch
a
s
the
brown
trout,
ve
ry
ca
reful
co
n
sideration
m
u
st
be
given
to
e
xperim
ental
design
(Objective
1)because
the
physiology
of
the
fish
ca
n
be
e
a
sily
altered
a
s
a
direct
re
sult
of
the
processes
of
e
xperim
entation
them
selves,
i.e.
the
n
o
rm
al
system
s
change
sim
ply
because
they
a
re
being
studied.
This
ca
n
o
ccu
r
in
re
sponse
to
repeated
disturbance
of
the
fish
during
sa
m
pling,
to
a
ny
incidence
of
handling
a
nd
to
the
effects
of
sim
ple
procedures
su
ch
a
s
a
n
a
e
sthesia
(see
Pickering
et
al.
1982;
Pickering
&
Pottinger
1985b).
Furtherm
ore,
the
tim
e
taken
for
so
m
e
of
these
changes
to
o
ccu
r
m
ay
o
nly
be
a
m
atter
of
o
n
e
o
r
tw
o
m
inutes
(even
less
in
the
ca
se
of
ce
rtain
horm
ones).
In
m
a
ny
e
xperim
ents
it
m
ay
be
im
possible
to
a
void
handling
the
fish
at
so
m
e
stage
but
a
sufficiently
long
re
co
ve
ry
period
m
u
st
be
allow
ed
for
the
fish
to
return
to
n
o
rm
al.
For
salm
onid
fish
w
e
ro
utinely
u
se
M
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a
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n
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a
a
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n
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N
G
. 1
.
Th
e
FB
A'
s
e
xp
er
im
en
ta
l
fis
h
ha
tc
he
ry
o
n
th
e
sh
or
es
o
f
W
in
de
rm
er
e.
Ea
ch
ta
nk
is
su
pp
lie
d
w
ith
a
co
n
st
an
t
flo
w
o
f
la
ke
w
a
te
r.
a
re
co
ve
ry
pe
rio
d
o
f
tw
o
w
e
e
ks
fo
llo
wi
ng
e
ve
n
th
e
br
ie
fe
st
ca
se
o
f
ph
ys
ica
l
ha
nd
lin
g.
Pr
ob
le
m
s
o
f
di
st
ur
ba
nc
e
ca
n
be
o
ve
rc
o
m
e
by
a
vo
id
in
g
re
pe
at
ed
sa
m
pl
in
g
o
f
a
n
y
o
n
e
ta
nk
o
f
fis
h
du
rin
g
a
si
ng
le
st
ud
y.
H
ow
ev
er
,
th
is
m
e
a
n
s
th
at
re
la
tiv
el
y
la
rg
e
n
u
m
be
rs
o
f
ta
nk
s
m
u
st
be
u
se
d
in
e
ve
n
th
e
m
o
st
ba
sic
in
ve
st
ig
at
io
n
be
ca
us
e
se
pa
ra
te
ta
nk
s
ha
ve
to
be
u
se
d
a
t
e
a
ch
sa
m
pl
in
g
tim
e.
M
or
eo
ve
r,
it
is
im
pe
ra
tiv
e
th
at
re
pl
ica
te
ta
nk
s
a
re
u
se
d
a
t
e
a
ch
sa
m
pl
e
tim
e
if
ta
nk
to
ta
nk
va
ria
tio
n
(w
hic
h
w
ill
in
ev
ita
bl
y
o
cc
u
r
in
a
n
y
re
la
tiv
el
y
lo
ng
-te
rm
e
xp
er
im
en
t)
is
to
be
di
st
in
gu
ise
d
fro
m
tru
e
va
ria
tio
n
in
tim
e.
Al
l
th
is
im
po
se
s
se
ve
re
re
st
ric
tio
ns
o
n
e
xp
er
im
en
ta
l
de
sig
n.
Fu
rth
er
m
or
e,
e
xt
en
si
ve
fis
h-
re
ar
in
g
fa
cil
itie
s,
w
ith
a
de
qu
at
e
ta
nk
re
pl
ica
tio
n,
a
re
e
ss
e
n
tia
l
fo
r
va
lid
re
se
a
rc
h.
W
e
a
re
fo
rtu
na
te
a
t
th
e
FB
A
to
ha
ve
su
ch
fa
cil
itie
s
(F
ig.
1),
w
ith
ou
t
w
hi
ch
m
u
ch
o
f
th
e
fo
llo
wi
ng
pr
og
re
ss
co
u
ld
n
o
t
ha
ve
be
en
m
a
de
.
Ef
fe
ct
s
o
f
En
vi
ro
nm
en
ta
l
St
re
ss
(a)
Ac
ut
e
St
re
ss
An
a
cu
te
st
re
ss
is
o
n
e
in
w
hi
ch
th
e
du
ra
tio
n
o
f
th
e
st
re
ss
(us
ua
lly
a
m
a
tte
r
o
f
m
in
ut
es
o
r,
a
t
m
o
st
,
a
fe
w
ho
ur
s)
is
co
n
si
de
ra
bl
y
sh
or
te
r
th
an
th
e
ph
ys
io
lo
gi
ca
l
st
re
ss
re
sp
on
se
,
co
m
po
ne
nt
s
o
f
w
hi
ch
m
a
y
la
st
fo
r
m
o
re
th
an
a
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w
e
e
k
(P
ick
eri
ng
e
t
a
l.
19
82
).
Ex
am
pl
es
o
f
th
is
ty
pe
o
f
st
re
ss
a
re
re
a
di
ly
se
e
n
in
th
e
a
qu
ac
ul
tu
re
in
du
st
ry
w
he
re
fis
h
a
re
re
gu
la
rly
su
bje
cte
d
to
ha
nd
lin
g,
gr
ad
in
g
a
n
d
tra
ns
po
rt.
W
ith
in
th
e
n
a
tu
ra
l
e
n
vi
ro
nm
en
t
su
cc
e
ss
fu
l
a
vo
id
an
ce
o
f
a
pr
ed
at
or
,
a
n
in
ci
de
nc
e
o
f
in
tra
sp
ec
ific
co
n
fro
nt
at
io
n
a
ss
o
ci
at
ed
w
ith
te
rri
to
ria
lit
y
a
n
d
ca
pt
ur
e/
re
le
as
e
by
a
n
a
n
gl
er
w
o
u
ld
a
ll
co
m
e
u
n
de
r
th
e
ge
ne
ra
l
he
ad
in
g
o
f
a
cu
te
st
re
ss
. V
er
y
br
oa
dl
y,
th
e
ph
ys
io
lo
gi
ca
l
re
sp
on
se
o
f
a
fis
h
to
su
ch
a
st
re
ss
co
n
si
st
s
o
f
a
se
rie
s
o
f
ch
an
ge
s
w
hi
ch
sw
itc
h
th
e
m
e
ta
bo
lis
m
fro
m
a
n
a
n
a
bo
lic
st
at
e
(th
e
u
pt
ak
e
a
n
d
st
or
ag
e
o
f
e
n
e
rg
);)
to
a
ca
ta
bo
lic
st
at
e
(th
e
br
ea
kd
ow
n
o
f
bo
dy
re
se
rv
e
s),
th
e
so
-c
a
lle
d
"
flig
ht
o
r
fig
ht
"
re
sp
on
se
(se
e
Pi
ck
er
in
g
19
81
).
An
im
po
rta
nt
co
m
po
ne
nt
o
f
th
is
a
cu
te
st
re
ss
re
sp
on
se
is
a
n
a
ct
iv
at
io
n
o
f
th
e
hy
po
th
al
am
ic-
pi
tu
ita
ry
-in
te
rre
na
l
(H
PI
)
a
xi
s
(F
ig.
2).
Th
e
re
le
as
e
o
f
a
ho
rm
on
e,
co
rti
co
tro
pi
n-
re
le
as
in
g
fa
ct
or
(C
RF
)fr
om
ce
rta
in
n
e
u
ro
se
cr
e
to
ry
ce
lls
in
a
sp
ec
ia
liz
ed
re
gi
on
o
f
th
e
ve
n
tra
l
pa
rt
bf
th
e
br
ai
n
(th
e
hy
po
th
al
am
us
)
st
im
ul
at
es
a
gr
ou
p
o
f
ce
lls
in
th
e
pi
tu
ita
ry
gl
an
d
to
se
cr
e
te
a
n
o
th
er
ho
rm
on
e,
a
dr
en
oc
or
tic
ot
ro
pi
n
(A
CT
H)
, in
to
th
e
bl
oo
d
st
re
am
.
AC
TH
in
tu
rn
st
im
ul
at
es
ce
rta
in
ce
lls
in
th
e
a
n
te
rio
r
re
gi
on
o
f
th
e
fis
h'
s
ki
dn
ey
(th
e
in
te
rre
na
l
tis
su
e)
to
se
cr
e
te
a
fu
rth
er
ho
rm
on
e,
co
rti
so
l,
in
to
th
e
bl
oo
d.
Co
rti
so
l
(a
st
er
oi
d
ho
rm
on
e)
ha
s
m
a
n
y
ph
ys
io
lo
gi
ca
l
e
ffe
ct
s,
in
cl
ud
in
g
m
e
ta
bo
lic
ch
an
ge
s
w
hi
ch
a
llo
w
th
e
fis
h
to
u
se
e
n
e
rg
y
re
se
rv
e
s
n
o
t
n
o
rm
a
lly
a
va
ila
bl
e
to
it,
a
se
le
ct
iv
e
a
dv
an
ta
ge
-in
si
tu
at
io
ns
o
f
a
cu
te
st
re
ss
.
W
e
ha
ve
sh
ow
n
th
at
th
e
H
PI
a
xi
s
o
f
sa
lm
on
id
fis
h
is
st
im
ul
at
ed
in
re
sp
on
se
to
ha
nd
lin
g
a
n
d
di
st
ur
ba
nc
e
(P
ick
eri
ng
e
t
a
l.
19
82
),
to
pr
op
hy
la
ct
ic
tre
at
m
en
t
w
ith
fu
ng
ici
de
s
(P
ick
eri
ng
&
Po
tti
ng
er
19
85
a),
to
su
dd
en
te
m
pe
ra
tu
re
cl
ia
ng
es
(S
um
pte
r
e
t
a
l.
19
85
;
Pi
ck
er
in
g
e
t
a
l.
19
86
) a
s
w
e
ll
a
s
to
ch
ro
ni
c
st
re
ss
es
(se
e
be
lo
w)
su
ch
a
s
cr
o
w
di
ng
(P
ick
eri
ng
&
St
ew
ar
t
19
84
). H
ow
ev
er
,
id
en
tif
ica
tio
n
o
f
st
re
ss
re
sp
on
se
s
fro
m
th
e
a
ct
iv
ity
o
f
th
e
a
xi
s
a
lo
ne
is
co
m
pl
ica
te
d
by
di
el
rh
yt
hm
s
o
f
pl
as
m
a
co
rti
so
l
le
ve
ls
a
t
ce
rta
in
tim
es
o
f
th
e
ye
ar
(P
ick
eri
ng
&
Po
tti
ng
er
19
83
),
by
in
cr
ea
se
s
in
co
rti
so
l
le
ve
ls
du
rin
g-
se
xu
a
l
m
a
tu
ia
tio
n
(P
ick
eri
ng
&
Ch
ris
tie
19
81
;
Pi
ck
er
in
g
&
Po
tti
ng
er
19
87
a)
a
n
d
by
'
po
ss
ib
le
su
pp
re
ss
ive
e
ffe
ct
s
o
f
o
n
e
fo
rm
o
f
st
re
ss
o
n
th
e
re
sp
on
se
to
a
n
o
th
er
?t
re
ss
(P
ick
eri
ng
&
Po
tti
ng
er
19
87
b).
In
sa
lm
on
id
fis
h,
bl
oo
d
co
rti
so
l
le
ve
ls
a
re
n
o
rm
a
lly
e
le
va
te
d
w
ith
in
fiv
e
m
in
ut
es
o
f
th
e
o
n
se
t
o
f
a
n
a
cu
te
st
re
ss
a
n
d
m
a
y
re
m
a
in
e
le
va
te
d
fo
r
a
pe
rio
d
o
f s
e
ve
ra
l
ho
ur
s.
Th
is
is
fo
llo
we
d
by
m
a
n
y
a
dju
stm
en
ts
to
th
e
fis
h'
s
ph
ys
io
lo
gy
in
cl
ud
in
g
ch
an
ge
s
in
th
e•
pr
ot
ei
n,
lip
id
a
n
d
ca
rb
oh
yd
ra
te
m
e
ta
bo
lis
m
.
Ap
pr
ox
i-
m
a
te
ly
o
n
e
to
tw
o
da
ys
a
fte
r
a
n
in
ci
de
nc
e
o
f
a
cu
te
st
re
ss
su
ch
a
s
ha
nd
lin
g,
ch
an
ge
s
o
cc
u
r
in
th
e
co
m
po
sit
io
n
o
f
ci
rc
ul
at
in
g
w
hi
te
bl
oo
d
ce
ll
ty
pe
s.
Th
is
is
ch
ar
ac
te
riz
ed
by
a
dr
am
at
ic
re
du
ct
io
n
in
th
e
n
u
m
be
r
o
f
ci
rc
ul
at
in
g
lym
ph
o-
cy
te
s
w
hi
ch
a
re
e
ss
e
n
tia
l
co
m
po
ne
nt
s
o
f
th
e
fis
h'
s
de
fe
nc
e
sy
st
em
s.
As
in
hi
gh
er
ve
rte
br
at
es
,
fis
h
lym
ph
oc
yt
es
a
re
co
n
ce
rn
e
d
w
ith
th
e
pr
od
uc
tio
n
o
f
sp
ec
ific
a
n
tib
od
ie
s
to
fo
re
ig
n
m
a
te
ria
l
a
n
d
a
ct
,
in
co
n
ce
rt
w
ith
o
th
er
ty
pe
s
o
f
w
hi
te
bl
oo
d
ce
lls
,
to
n
e
u
tra
liz
e
a
n
d
e
lim
in
at
e
in
va
di
ng
m
ic
ro
or
ga
ni
sm
s.
Th
us
,
th
e
de
cr
ea
se
in
n
u
m
be
rs
o
f
ci
rc
ul
at
in
g
lym
ph
oc
yt
es
(ly
mp
ho
cy
top
en
ia)
,
fo
llo
wi
ng
a
cu
te
st
re
ss
,
is
th
e
fir
st
in
di
ca
tio
n
o
f
a
lin
k
be
tw
ee
n
st
re
ss
a
n
d
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PH
YSIO
LO
G
ICAL
EFFECTS
ELECTRO
LYTE
IN
TER
M
ED
IATE
D
EFENCE
BALANCE
M
ETABO
USM
SYSTEM
S
O
THER
EN
DO
CRINE
IN
FLUENCES
Blood
lym
phocytes
p.1-1
x 01
Fc
2.
A
sim
plified,
schem
atic
diagram
of
the
hypothalam
ic-pituitary-interrenal
(I-IPD
a
xis
in
Tim
e
in
hours
salm
onid
fish.
disease
re
sistance
in
salm
onid
fish.
It
is
tem
pting
to
suggest
that
the
lym
phocytopenia
o
ccu
rs
a
s
a
direct
re
sult
of
the
elevated
co
rtisol
levels
o
n
e
day
e
a
rlier
but
tem
poral
relationships
su
ch
a
s
this
a
re
n
o
e
vidence
of
ca
u
se
a
nd
effect.
In
a
n
effort
to
re
solve
this
question,
w
e
adm
inistered
physiological
levels
of
co
rtisol
to
brown
trout
by
incorporating
the
horm
one
in
the
fish's
n
o
rm
al
diet
(Pickering
1984).The
fish
w
e
re
in
n
o
w
ay
stressed
yet
their
blood
co
rtisol
had
been
tem
porarily
elevated
a
nd
this
re
sulted
in
a
n
alm
ost
identical
Fc
3Changes
in
the
n
u
m
ber
of
circulating
lym
phocytes
in
the
blood
of
the
brown
trout
following
a
single
incidence
of
handling
(upper
graph)
o
rkhe
o
ral
adm
inistration
of
a
physiologicaldose
of
co
rtisol(lower
graph).The
broken
line
represents
treated
fish,the
co
ntinuous
line
represents
u
n
stressed
co
ntrol
fish.
=
ea
u
n
m
su
m
ea
=
I
m
71
1.
PI
CK
ER
IN
G
:
SA
LM
O
NI
D
FI
SH
AN
D
D
IS
EA
SE
67
68
FI
FT
Y-
SE
VE
NT
H
AN
N
UA
L
R
EP
O
RT
lym
ph
oc
yt
op
en
ia
to
th
at
o
bs
er
ve
d
w
he
n
fis
h
w
e
re
su
bje
cte
d
to
a
n
a
cu
te
ha
nd
lin
g
a
n
d
co
n
fin
em
en
t
st
re
ss
(F
ig.
3).
It
is
cl
ea
r
fro
m
th
is
e
xp
er
im
en
t
th
at
,
	
fo
llo
wi
ng
a
cu
te
st
re
ss
,
e
le
va
te
d
co
rti
so
l
le
ve
ls
ca
u
se
,
e
ith
er
di
re
ct
ly
o
r
20
in
di
re
ct
ly,
a
re
du
ct
io
n
in
th
e
n
u
m
be
r
o
f
ci
rc
ul
at
in
g
lym
ph
oc
yt
es
(O
bje
cti
ve
2).
In
vi
ew
o
f
th
is
co
n
cl
us
io
n,
w
e
ha
ve
co
n
ce
n
tra
te
d
o
n
th
e
lin
ks
be
tw
ee
n
e
le
va
te
d
co
rti
so
l
a
n
d
di
se
as
e
re
si
st
an
ce
in
sa
lm
on
id
fis
h,
pa
yin
g
pa
rti
cu
la
r
a
tte
nt
io
n
to
th
os
e
ci
rc
um
st
an
ce
s
in
w
hi
ch
th
e
st
re
ss
is
o
f
a
co
n
tin
uo
us
(ch
ron
ic)
n
a
tu
re
a
n
d
in
w
hi
ch
bl
oo
d
co
rti
so
l
le
ve
ls
a
re
e
le
va
te
d
fo
r
pr
ol
on
ge
d
pe
rio
ds
(da
ys
o
r
w
e
e
ks
ra
th
er
th
an
ho
ur
s).
(b)
Ch
ro
ni
c
st
re
ss
Ch
ro
ni
c
o
r
co
n
tin
uo
us
st
re
ss
es
a
re
th
os
e
fro
m
w
hi
ch
th
e
fis
h
ca
n
n
o
t
e
sc
a
pe
(th
us
m
a
ki
ng
th
e
st
re
ss
re
sp
on
se
n
o
t
o
n
ly
in
ef
fe
ct
ive
bu
t
a
ls
o
po
te
nt
ia
lly
da
ng
er
ou
s)
a
n
d
to
w
hi
ch
th
e
fis
h
m
u
st
u
lti
m
at
el
y
a
cc
lim
at
e,
a
lb
ei
t
a
t
a
re
du
ce
d
pe
rfo
rm
an
ce
ca
pa
cit
y,
if
th
ey
a
re
to
su
rv
iv
e.
In
th
e
a
qu
ac
ul
tu
re
in
du
st
ry
o
ve
rc
ro
w
di
ng
a
n
d
w
a
te
r
qu
al
ity
de
te
rio
ra
tio
n
a
re
pr
im
e
e
xa
m
pl
es
o
f
ch
ro
ni
c
st
re
ss
es
.
D
et
er
io
ra
tio
n
o
f
w
a
te
r
qu
al
ity
m
a
y
a
ls
o
o
cc
u
r
in
th
e
n
a
tu
ra
l
e
n
vi
ro
nm
en
t
a
s
a
re
su
lt
o
f
dr
ou
gh
t,
n
u
tri
en
t
e
n
ric
hm
en
t
o
r
po
llu
tio
n
(in
clu
din
g
a
ci
di
fic
at
io
n,
a
to
pi
ca
l
is
su
e).
Un
de
r
th
es
e
ci
rc
um
st
an
ce
s
th
e
H
PI
a
xi
s
is
in
iti
al
ly
a
ct
iv
at
ed
bu
t,
in
m
a
n
y
ca
se
s,
th
e
fis
h
w
ill
a
cc
lim
at
e
to
th
e
n
e
w
e
n
vi
ro
nm
en
ta
l
co
n
di
tio
ns
.
w
ith
pl
as
m
a
co
rti
so
l
le
ve
ls
re
tu
rn
in
g
to
n
o
rm
a
l
de
sp
ite
th
e
co
n
tin
uo
us
pr
es
en
ce
o
f
th
e
st
re
ss
.
W
e
ha
ve
sh
ow
n,
th
at
th
e
H
PI
•
50
10
0
15
0
Pl
as
m
a
co
rti
so
l
n
g
m
1-
1
FI
G
.5
.
Ef
fe
ct
o
f
ch
ro
ni
c
e
le
va
tio
n
o
f
pl
as
m
a
co
rti
so
l
le
ve
ls
by
m
e
a
n
s
o
f
sl
ow
-re
le
as
e
im
pl
an
ts
o
n
th
e
m
o
rta
lit
y
ra
te
o
f
br
ow
n
u
o
u
t.
M
or
ta
lit
y
ra
te
s
a
n
d
co
rti
so
l
le
ve
ls
w
e
re
m
o
n
ito
re
d
fo
r
5-
10
w
e
e
ks
a
n
d
ca
u
se
s
o
f
de
at
h
in
cl
ud
ed
Sa
pr
ol
eg
ni
a
in
fe
ct
io
n,
fu
ru
nc
ul
os
is
a
n
d
fin
-ro
t.
Va
lu
es
a
re
w
e
e
kl
y
m
e
a
n
s
±
SE
M
.
Fl
a
4.
Sc
an
ni
ng
e
le
ct
ro
n
m
ic
ro
gr
ap
h
o
f
th
e
ca
rti
la
gu
M
us
fin
-ra
y
o
f
a
br
ow
n
tro
ut
w
ith
se
ve
re
fin
ro
c.
N
ot
e
th
e
da
m
ag
e
ca
u
se
d
by
th
e
la
rg
e
n
u
m
be
r
o
f
a
dh
er
en
t
ba
ct
er
ia
(ba
rf
in
e
10
pa
d.
O
n
rig
ht
,
hi
gh
po
we
r
vi
ew
o
f
th
e
m
a
t
o
f
ro
d-
sh
ap
ed
ba
ct
er
ia
co
lo
ni
zi
ng
th
e
fn
-ra
y
lb
ar
lin
e
2
pa
t
-
4— a
1
0
0
o
oWENN
-
I
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a
xis
of
the
trout
w
ill
ultim
ately
a
cclim
ate
to
the
stress
of
o
ve
rcro
wding
(Pickering
&
Pottinger
1987c)
although
so
m
etim
es
this
m
ay
take
se
ve
ral
w
e
eks
to
a
cco
m
plish
(Pickering
&
Stewart
1984),
a
nd
that
it
w
ill
also
a
cclim
ate
to
the
repeated
stress
of
ro
utine
adm
inistration
of
the
fish
fungicide,
m
alachite
green
(Pickering
&
Pottinger
1985a).
If
the
co
rtisol
levels
of
chronically
stressed
fish
re
m
ain
high,
o
utbreaks
of
disease
a
re
likely.
W
e
have
dem
onstrated
this
fact
by
adm
inistering
co
nisol
in
the
form
of
slow
-release
im
plants
so
that
blood
co
rtisol
levels
in
otherw
ise
u
n
stressed
fish
re
m
ain
elevated,
w
ithin
the
physiological
ra
nge,
for
a
period
of
se
ve
ral
w
e
eks
(Pickering
&
D
uston
1983;
Pickering
&
Pottinger
1985c).
These
fish
then
show
ed
a
n
increase
in
m
o
rtality
rate
a
s
a
re
sult
of
the
bacterial
disease,
furunculosis,
of
bacterial
fin-rot
(Fig.4)
a
nd
infection
by
the
parasitic
fungus,
Saprolegnia
(see
Pickering
et
al.
1979;
Pickering
&
W
illoughby
1982a,b).
Fig.5
illustrates
the
relationship
between
the
m
e
a
n
w
e
ekly
m
o
rtality
rate
of
these
fish
a
nd
their
plasm
a
co
rtisol
levels.
It
is
clear
from
this
that
chronically
elevated
co
rtisol
levels
ca
n
be
u
sed
a
s
predictive
indicators
of
the
probability
of
su
rvival
(Objective
3).A
chronic
elevation
of
plasm
a
co
rtisol
from
basal
values
of
1-2
ng
m
l-'
to
o
nly
10
ng
is
sufficient
to
increase
the
m
o
rtality
due
to
disease
of
brown
trout
(Pickering
&
Pottinger
1985c).
M
any
w
o
rkers
have
previously
co
n
sidered
plasm
a
co
rtisol
levels
of
10
ng
to
be
typical
of
u
n
stressed
fish,
a
view
w
hich
n
o
w
n
e
eds
to
be
re
vised.
At
these
relatively
low
co
rtisol
levels
it
is
n
ot
alw
ays
possible
w
ith
im
m
ature
fish
to
dem
onstrate
a
link
between
plasm
a
co
rtisol
a
nd
w
hite
blood
cell
co
u
nt
but
w
o
rk
from
other
laboratories
is
n
o
w
beginning
to
show
that
co
rticosteroids
ca
n
e
xe
rt
effects
o
n
the
a
ctivity
of
w
hite
blood
cells
a
s
w
ell
a
s
o
n
their
n
u
m
ber
a
nd
it
se
e
m
s
likely
that
su
ch
m
e
chanism
s
operate
in
chronically
stressed
salm
onid
fish.
Even
if
the
H
PI
a
xis
of
chronically
stressed
fish
does
a
cclim
ate
so
that
plasm
a
co
rtisol
returns
to
true
basal
levels,
the
perform
ance
capacity
of
the
fish
m
ay
still
be
im
paired.
The
growth
rate
of
cro
wded
trout
u
nder
intensive
aquaculture
co
nditions
is
still
suppressed
despite
interrenal
a
cclim
ation
(Pickering
&
Stewart
1984)
a
nd
w
hite
blood
cell
co
u
nts
m
ay
re
m
ain
low
long
after
blood
co
rtisol
levels
have
co
m
e
down
(Pickering
&
Pottinger
1987c).
Thus,
although
the
H
PIa
xis
plays
a
m
ajor
role
in
the
re
sponse
of
salm
onid
fish
to
chronic
stress,
other
factors
m
u
st
alm
ost
ce
rtainly
operate
to
influence
both
growth
a
nd
disease
re
sistance.
Further
studies
in
this
a
re
a
should
prove
re
w
a
rding.
D
isease
itself
ca
n
also
a
ct
a
s
a
form
of
se
ve
re
stress,
producing
co
m
plications
in
the
form
of
se
co
ndary
infections.
The
debilitating
effects
of
Saprolegnia
itself
often
co
n
sidered
to
be
a
se
co
ndary
colonist
(see
Pickering
&
W
illoughby
1977;
Bucke
et
al.
1979),
a
re
ca
u
sed
by
dam
age
to
the
fish's
o
sm
o
regulatory
m
e
chanism
s
(Richards
&
Pickering
1979).
This
re
sults
in
a
m
a
ssive
a
nd
prolonged
release
of
co
rtisol
from
the
interrenal
tissue
(one
of
the
know
n
roles
of
co
rtisol
is
a
s
a
n
o
sra
o
regulatory
horm
one)
w
ith
plasm
a
levels
in
e
xce
ss
of
1000
ng
m
r'
being
re
co
rded
(Pickering
&
Christie
1981).Itis
clear
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from
Fig.5
that
this
m
u
st
re
sult
in
a
n
e
n
o
rm
o
u
s
increase
in
the
probability
of
further
colonization
by
the
fungus
o
r
by
other
potential
pathogens
in
the
w
ater.
This
type
of
positive
feedback
is
u
n
u
su
al
in
n
atural
system
s
a
nd
ca
n
be
catastrophic
w
ith
regard
to
the
subsequent
su
rvival
of
fish
w
ith
o
ve
rt
signs
of
disease.
Sexual
M
aturation
It
is
w
ell-know
n
that
se
xu
al
m
aturation
in
both
se
xe
s
is
a
sso
ciated
w
ith
a
n
increase
in
su
sceptibility
to
disease
(Richards
&
Pickering
1978;
Pickering
&
Christie
1980;
Pickering
&
R
ichards
1980).
M
any
of
the
diseases
involved
a
re
e
ctoparasitic
infestations,
i.e.fungi,
protozoa
a
nd
m
etazoa,
w
hich
colonize
the
fish's
epiderm
is,
the
o
uterm
ost
layer
of
living
tissue.
As
a
co
n
sequence,
it
is
logical
to
e
xa
m
ine
so
m
e
of
the
changes
that
o
ccu
r
in
the
epiderm
is
of
salrnonid
fish
during
se
xu
al
m
aturation
before
going
o
n
to
co
n
sider
possible
effects
of
H
PI
a
ctivation
at
this
tim
e.
(a)
Changes
in
the
Epiderm
is
The
n
o
rm
al
epiderm
is
of
se
xu
ally
im
m
ature
salm
onid
fish
is
a
m
ultilayered
tissue
o
ve
rlying
the
scales
a
nd
co
m
posed
predom
inantly
of
M
alpighian
cells
a
nd
goblet
cells
(Pickering
1974,
1977;
Pickering
&
M
acey
1977;
Blackstock
&
Pickering
1982).
The
M
alpighian
cells
co
ntain
bundles
of
filam
ents
w
hich,
together
w
ith
the
n
u
m
e
ro
u
s
desm
osom
al
attachm
ents
between
adjacent
cells,
a
re
re
sponsible
for
the
tensile
strength
of
the
epiderm
is.
The
goblet
cells,
w
hich
differentiate
a
nd
develop
deep
in
the
epiderm
is,
se
crete
m
u
cu
s
o
n
to
'
the
su
rface
of
the
fish
(Pickering
1976).
The
co
n
stant
re
n
e
w
al
of
this
layer
of
m
u
cu
s
protects
the
fish
by
re
m
o
ving
adherent
particles
from
the
body
su
rface,
including
potential
pathogens
su
ch
a
s
fungal
spores
(W
illoughby
&
Pickering
1977;
Pickering
&
W
illoughby
1982a,b).
O
ther
cell
types
a
re
o
cca
sionally
found,
including
w
hite
cells
(leucocytes)
derived
from
the
skin's
blood
supply.
D
uring
se
xu
al
m
aturation,
the
epiderm
is
a
nd
u
nderlying
derm
al
tissue
of
both
se
xe
s
increase
in
thickness
in
re
sponse
to
steroid
horm
ones
(androgens)
se
creted
by
the
gonads
a
nd
the
n
u
m
ber
of
m
u
cu
s-se
creting
goblet
cells
decreases
in
the
m
ales
(Pickering
1977,
1978;
Pottinger
&
Pickering
1985a,b).
It
is
believed
that
this
represents
a
n
adaptive
re
sponse
to
the
requirem
ents
for
a
physically
tough
skin
during
the
potentially
traum
atic
e
ve
nts
of
upstream
m
igration,
territorial
defence
a
nd
redd-building.
Coincident
w
ith
these
changes
is
a
n
increase
in
the
incidence
of
fungal
infection
(Richards
&
Pickering
1978)
a
nd
infestation
by
the
protozoan
parasites
Ichthyophthirius
(the
o
rganism
that
ca
u
se
s
w
hite-spot)
a
nd
Scyphidia
(Fig.
6)
a
nd
by
the
m
o
n
ogenic
trem
atode
G
yrodactylus
(Pickering
&
Christie
1980).
The
situation
is
co
m
plicated,
so
m
e
w
hat,
by
m
a
rked
host-parasite
specificities
(Pickering
et
al.
1985)
a
nd
by
pathological
re
sponses
in
the
epiderm
is
(thickening
a
nd
loss
	I
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br
ow
n
tr
ou
t
by
th
e
fla
ge
lla
te
c
7
Up
pe
r-s
ev
er
e
in
fe
st
at
io
n
o
f
th
e
ep
id
er
m
is
o
f
th
e
pr
ot
oz
oa
n,
Ic
ht
hy
vb
ad
o
th
at
lin
e
10
0
pm
).
Lo
w
er
-h
ig
h
po
w
er
sh
ow
in
g
th
e
at
ta
ch
m
en
t
o
f
tw
o
pa
ra
si
te
s
to
ad
jac
en
t
ep
id
er
m
al
ce
lls
(b
ar
lin
e
10
pm
).
A
sm
al
l
co
lo
ny
o
f
Sc
yp
hi
di
a
o
n
th
e
ep
id
er
m
is
o
f
th
e
br
ow
n
tr
ou
t.
Th
es
e
ci
lia
te
d
pr
ot
oz
oa
ns
at
ta
ch
to
th
e
su
pe
rfi
cia
l
e
pi
de
rm
al
ce
lls
o
f
th
e
fis
h
an
d
M
ie
r-f
ee
d
o
n
ba
ct
er
ia
in
th
e
su
rr
o
u
n
di
ng
w
at
er
(b
ar
lin
e
10
0
pm
).
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of
m
u
co
u
s
cells)
w
hich,
at
first
inspection,
appear
sim
ilar
to
those
induced
by
a
ndrogen
se
cretion
from
the
gonad
(Pottinger
et
al.
1984).
The
facts
that
dem
ucification
o
ccu
rs
in
se
xu
ally
m
ature
m
ales
but
n
ot
in
m
ature
fem
ales
(Pickering
1977;
Pickering
&
R
ichards
1980)
a
nd
that
se
xu
ally
m
ature
m
ale
fish
a
re
significantly
m
o
re
frequently
o
r
se
ve
rely
infected
w
ith
e
ctoparasites
than
a
re
the
m
ature
fem
ales
(Richards
&
Pickering
1978;
Pickering
&
Christie
1980)
w
o
uld,
apparently,
lend
support
to
the
a
rgum
ent
that
in
addition
to
its
other
roles,
the
se
cretion
of
m
u
cu
s
from
the
goblet
cells
is
a
protective
m
e
chanism
to
prevent
colonization
by
m
icroorganism
s
(Pickering
&
W
illoughby
1982a).
H
ow
ever,
Pickering
&
Christie
(1980)
n
ote
that
the
se
xu
al
differences
in
e
etoparasitic
loading
o
ccu
rred
before
the
a
ndrogen-induced
dem
ucification
a
nd
co
n
cluded
that
the
loss
of
goblet
cells
sim
ply
e
xa
ce
rbates
e
xisting
parasitic
infestations.
Thus,
other
factors
m
u
st
also
influence
the
su
sceptibility
of
se
xu
ally
m
ature
salm
onid
fish
to
disease.
The
epiderm
is
of
salm
onid
fish
co
ntains
cell-types
other
than
the
filam
ent-
co
ntaining
m
alpighian
cells
a
nd
the
m
u
cu
s-se
creting
goblet
cells.
Acidophilic
granular
cells
(Blackstock
&
Pickering
1980)
a
nd
sa
cciform
cells
(Pickering
&
Fletcher
1987) have
been
described
although
their
functions
a
w
ait
elucidation.
Both
cell-types
co
ntain
a
n
a
cidophific,
proteinaceous
m
aterial
(as
co
m
pared
w
ith
the
glycoprotein
n
ature
of
the
goblet
cell
se
cretion),
w
hich
appears
to
be
released
o
n
to
the
epiderm
al
su
rface.
M
oreover,
the
n
u
m
ber
of
epiderm
al
sa
cciform
cells
in
the
brown
trout
increases
dram
atically
during
the
chronic
stages
of
infestation
by
the
e
ctoparasitic
flagellate,
Ichthyobodo
(Fig.
7)
suggesting
that
they
m
ay
play
so
m
e
role
in
protecting
the
fish
against
the
parasite
(Pickering
&
Fletcher
1987). Such
speculation
is
e
ve
n
m
o
re
tem
pting
w
hen
o
n
e
co
n
siders
the
fact
that
during
se
xu
al
m
aturation
of
both
the
brown
trout
a
nd
the
Arctic
charr,
Salvelinus
alpinus
(L.), the
n
u
m
ber
of
sa
cciform
cells
in
the
epiderm
is
decreases.
This
is
particularly
apparent
in
the
m
ature
m
ales,
so
that
during
the
spawning
se
a
so
n
the
m
ale
fish
have
significantly
fewer
sa
cciform
cells
than
have
the
fem
ales
(Pickering
&
Fletcher
1987). If the
role
of
the
cell
is
to
se
crete
so
m
e
form
of
protective
proteinaceous
se
cretion
into
the
m
u
cu
s
layer,
this
se
xu
al
dim
orphism
m
ay
also
co
ntribute
to
the
observed
se
xu
al
differences
in
su
sceptibility
to
e
ctoparasitic
infestation
(see
above).
(b)
Activity
of
the
H
PI
a
xis
Sexual
m
aturation
is
a
sso
ciated
w
ith
a
n
increase
in
the
incidence
of
skin
infections
a
nd
w
ith
internal
diseases,
su
ch
a
s
those
ca
u
sed
by
system
ic
bacterial
infections.
It
se
e
m
s
likely,
therefore,
that
a
spects
of
the
defence
system
s
other
than
those
a
sso
ciated
w
ith
the
skin
a
re
also
co
m
prom
ised
during
the
spawning
se
a
so
n
.
In
view
of
the
deleterious
effects
of
prolonged
a
ctivation
of
the
H
PI
a
xis
(see
above),
w
e
e
xa
m
ined
se
xu
ally
m
ature
fish
for
elevated
blood
co
rtisol
levels.
Studies
o
ve
r
se
ve
ral
spawning
se
a
so
n
s
have
n
o
w
e
stablished
that,
in
se
xu
ally
m
ature
m
ale
a
nd
fem
ale
brown
trout,
blood


74
FIFTY-SEVENTH
AN
NUAL
R
EPO
RT
co
rtisol
levels
a
re
elevated
for
a
period
of
2-3
m
o
nths
(Pickering
&
Pottinger
1987a). The
precise
tim
ing
of
this
elevation
va
ries
so
m
e
w
hat
from
year
to
year
a
nd
m
ay
be
slightly
different
for
the
tw
o
se
xe
s. O
n
so
m
e
o
cca
sions
w
e
have
found
the
highest
co
rtisol
levels
in
the
fem
ale
fish
(Pickering
&
Christie
1981),
o
n
others
the
highest
levels
w
e
re
in
the
m
ales
o
r
there
w
e
re
n
o
differences
in
peak
levels
but
the
elevation
o
ccu
rred
in
the
m
ales
before
the
fem
ales
(see
Pickering
&
Pottinger
1987a).
D
espite
this
va
riation,
it
is
clear
that
se
xu
al
m
aturation
in. the
brown
trout
is
alw
ays
a
sso
ciated
w
ith
chronically
elevated
blood
co
rtisol
levels.
Levels
m
ay
be
a
s
high
a
s
50
ng
m
1-1
in
o
vulated
fem
ales
(Pickering
&
Christie
1981)
although
n
o
rm
ally
the
peak
elevation
is
in
the
ra
nge
10-15
ng
m
l-'.
W
e
have
se
e
n
from
the
preceding
se
ction
o
n
chronic
e
n
vironm
ental
stress
that
prolonged
elevation
of
plasm
a
co
rtisol
from
basIl
values
(1-2
ng
m
l-')
to
o
nly
10
ng
is
sufficient
to
predispose
im
m
ature
brown
trout
to
bacterial
a
nd
fungal
infections.
O
ur
studies
o
n
spawning
fish
suggest
that
a
sim
ilar
m
e
chanism
operates
during
se
xu
al
m
aturation.
M
oreover,
w
e
have
show
n
that
the
blood
cell
co
m
position
of
se
xu
ally
m
ature
fish
changes
dram
atically,
w
ith
a
m
a
rked
a
nd
prolonged
reduction
in
the.
n
u
m
ber
of
circulating
lym
phocytes
during
the
spawning
period
(Pickering
1986;
Pottinger
&
Pickering
1987).
This
prolonged
lym
phocytopenia
is
re
m
iniscent
of
that
observed
w
hen
se
xu
ally
im
m
ature
fish
a
re
stressed
by
o
ve
rcro
wding
(Pickering
&
Pottinger
1987c).
In
the
ca
se
of
se
xu
al
m
aturation,
how
ever,
cro
wding
is
n
ot
a
co
ntributory
factor
because
se
xu
ally
im
m
ature
fish
kept
together
w
ith
the
m
ature
fish
(i.e.
in
the
sa
m
e
tanks)
do
n
ot
show
su
ch
changes.
The
lym
phocytopenia
parallels
the
changes
in
plasm
a
co
rtisol
so
closely
that
it
is
difficult
to
a
void
the
co
n
clusion
that
the
tw
o
phenom
ena
a
re
functionally
related
(Pickering
&
Pottinger
1987a).
H
ow
ever,
chronic
adm
inistration
of
low
doses
of
co
rtisol
to
se
xu
ally
im
m
ature
fish
w
a
s
ineffective
in
changing
the
w
hite
blood
cell
co
u
nt
e
ve
n
though
it
still
re
sulted
in
a
predisposition
to
disease
(Pickering
&
Pottinger
1985c).
Further
w
o
rk
o
n
possible
differences
in
co
rticosteroid-sensitivity
of
the
lym
phoid
tissues
(tissues
re
sponsible
for
the
production
of
w
hite
blood
cells)
between
m
ature
a
nd
im
m
ature
fish
is
n
e
eded
if
this
problem
is
to
be
re
solved.
D
espite
this,
se
xu
al
m
aturation
in
salm
onid
fish
is
a
cco
m
panied
by
physiological
changes
(interrenal
stim
ulation,
lym
phocytopenia)
that
a
re
sim
ilar
to
those
found
in
chronically
stressed
fish.
In
both
ca
se
s
the
fish
a
re
m
o
re
su
sceptible
to
disease.
R
esearch
A
reas
for
Future
D
evelopm
ent
It
is
clear
from
o
u
r
studies
that
the
prolonged
elevation
of
blood
co
rtisol
levels
predisposes
salm
onid
fish
to
a
w
ide
ra
nge
of
diseases.
This
o
ccu
rs
in
re
sponse
to
chronic
stress,
in
the
period
before
the
fish
a
ccfim
ate
to
the
changed
e
n
vironm
ental
circum
stances,
and
also
during
the
n
atural
process
of
se
xu
al
m
aturation.
If
w
e
are
fully
to
u
nderstand
the
m
e
chanism
s
behind
this
' re
sponse
a
nd
if
w
e
a
re
to
co
ntrol
the
fish's
physiology
u
nder
co
nditions
of
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.
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st
re
ss
(O
bje
cti
ve
4),
it
w
ill
be
n
e
ce
ss
a
ry
to
de
vis
e
pr
oc
ed
ur
es
fo
r
bl
oc
kin
g
th
e
H
PI
a
xi
s.
Su
rg
ica
l
re
m
o
va
l
o
f
th
e
co
rti
so
l-s
ec
re
tin
g
in
te
rre
na
l
gl
an
d
is
im
po
ss
ib
le
be
ca
us
e
o
f
th
e
di
ffu
se
n
a
tu
re
o
f
th
e
tis
su
e
a
n
d
be
ca
us
e
o
f
its
lo
ca
tio
n
in
th
e
hi
gh
ly
va
sc
u
la
riz
ed
he
ad
ki
dn
ey
a
ro
u
n
d
th
e
po
st
er
io
r
ca
rd
in
al
ve
in
s.
In
th
eo
ry
it
o
u
gh
t
to
be
po
ss
ib
le
to
bl
oc
k
th
e
H
PI
a
xi
s
by
in
hi
bi
tin
g
th
e
e
n
zy
m
es
re
sp
on
sib
le
fo
r
th
e
sy
nt
he
sis
o
f
th
e
va
rio
us
ho
rm
on
es
in
th
e
sy
st
em
.
H
ow
ev
er
,
it
w
o
u
ld
be
e
xt
re
m
el
y
di
ffi
cu
lt
to
re
st
ric
t
th
e
e
ffe
ct
s
o
f
e
n
zy
m
e
in
hi
bi
to
rs
to
th
e
H
PI
a
xi
s
a
lo
ne
.
An
a
lte
rn
at
iv
e
a
pp
ro
ac
h
w
o
u
ld
be
to
ta
ke
a
dv
an
ta
ge
o
f
so
m
e
o
f
th
e
in
he
re
nt
sp
ec
ific
ity
w
ith
in
th
e
sy
st
em
.
Fo
r
a
n
y
ho
rm
on
e
to
e
xe
rt
its
e
ffe
ct
s
it
m
u
st
co
m
bi
ne
w
ith
hi
gh
ly
sp
ec
ific
re
ce
pt
or
s
in
th
e
ta
rg
et
tis
su
es
(se
e
Po
tti
ng
er
19
86
,
19
87
).
Th
is
o
pe
ns
u
p
th
e
po
ss
ib
ilit
y
o
f
bl
oc
kin
g
th
e
re
ce
pt
or
s
by
th
e
a
dm
in
ist
ra
tio
n
o
f
a
m
o
le
cu
le
su
ffi
cie
nt
ly
si
m
ila
r
to
th
e
ho
rm
on
e
to
fo
rm
a
.
co
m
pl
ex
w
ith
th
e
re
ce
pt
or
,
e
ffe
ct
ive
ly
in
ac
tiv
at
in
g
it
to
th
e
n
a
tu
ra
l
ho
rm
on
e
ci
rc
ul
at
in
g
in
th
e
bl
oo
d.
Th
is
is
n
o
t
w
ith
ou
t
its
pr
ob
le
m
s,
ho
w
ev
er
,
be
ca
us
e
th
e
bl
oc
kin
g
a
ge
nt
its
el
f
m
a
y
w
e
ll
ha
ve
ho
rm
on
e-
lik
e
e
ffe
ct
s.
W
e
ha
ve
sh
ow
n,
fo
r
e
xa
m
pl
e,
th
at
th
e
sy
nt
he
tic
st
er
oi
d,
de
xa
-
m
e
th
as
on
e,
w
ill
co
m
bi
ne
re
a
di
ly
w
ith
sp
ec
ific
co
rti
so
l
re
ce
pt
or
s
a
n
d
st
op
th
e
se
cr
e
tio
n
o
f
AC
TH
a
n
d
co
rti
so
l
(P
ick
eri
ng
e
t
a
l.
19
87
).
H
ow
ev
er
,
de
xa
-
m
e
th
as
on
e
a
ls
o
ha
s
e
ffe
ct
s
o
n
o
th
er
co
rti
co
st
er
oi
d
se
n
si
tiv
e
ce
lls
,
su
ch
a
s
th
e
le
uc
oc
yt
es
in
th
e
lym
ph
oi
d
tis
su
es
.
As
a
co
n
se
qu
en
ce
,
de
xa
m
et
ha
so
ne
tre
at
m
en
t
ca
u
se
s
a
m
a
rk
ed
lym
ph
oc
yt
op
en
ia
a
n
d,
pr
es
um
ab
ly,
pr
ed
isp
os
es
th
e
fis
h
to
di
se
as
e.
H
ow
ev
er
,
n
e
w
sy
nt
he
tic
st
er
oi
ds
ha
ve
n
o
w
be
en
de
ve
lo
pe
d
th
at
ca
n
e
ffe
ct
ive
ly
bl
oc
k
co
rti
co
st
er
oi
d
re
ce
pt
or
s
in
m
a
m
m
a
lia
n
tis
su
e,
bu
t
do
n
o
t
ha
ve
o
th
er
co
rti
so
l-l
ik
e
e
ffe
ct
s.
Ap
pl
ica
tio
n
o
f
th
es
e
st
er
oi
ds
to
sa
lm
on
id
fis
h
co
u
ld
gr
ea
tly
in
cr
ea
se
o
u
r
cu
rr
e
n
t
u
n
de
rs
ta
nd
in
g
o
f
th
e
pr
es
um
ed
a
da
pt
ive
ro
le
o
f
th
e
a
xi
s
in
st
re
ss
re
sp
on
se
s.
Th
e
a
dm
in
ist
ra
tio
n
o
f
dr
ug
s
to
su
pp
re
ss
th
e
a
ct
iv
ity
o
f
th
e
H
PI
a
xi
s
m
ig
ht
be
a
u
se
fu
l
e
xp
er
im
en
ta
l
to
ol
bu
t
it
is
n
o
t
n
e
ce
ss
a
ril
y
a
su
ita
bl
e
a
pp
ro
ac
h
fo
r
a
qu
ac
ul
tu
ra
l
pu
rp
os
es
.
In
th
is
co
n
te
xt
it
m
a
y
be
po
ss
ib
le
to
se
le
ct
,
fo
r
br
ee
di
ng
st
oc
k,
fis
h
w
ith
lo
w
se
n
si
tiv
iti
es
to
e
n
vi
ro
nm
en
ta
l
st
re
ss
.
W
e
a
re
co
n
st
an
tly
im
pr
es
se
d
w
ith
th
e
m
a
rk
ed
in
di
vid
ua
l
va
ria
tio
n
in
th
e
re
sp
on
se
o
f
sa
lm
on
id
fis
h
to
a
si
m
pl
e
a
cu
te
st
re
ss
su
ch
a
s
ha
nd
lin
g.
In
de
ed
,
o
u
r
e
xp
er
im
en
ta
l
de
sig
ns
a
n
d
su
bs
eq
ue
nt
da
ta
a
n
a
lys
es
ha
ve
to
ta
ke
su
ch
va
ria
tio
n
in
to
a
cc
o
u
n
t.
So
m
e
o
f
o
u
r
cu
rr
e
n
t
re
se
a
rc
h
a
t
th
e
FB
A
is
co
n
-
ce
rn
e
d
w
ith
id
en
tif
yin
g
st
ra
in
s
o
f
fis
h,
o
r
in
di
vid
ua
l
fis
h
w
ith
in
a
st
ra
in
,
th
at
sh
ow
co
n
si
st
en
tly
lo
w
co
rti
so
l
le
ve
ls
u
n
de
r
co
n
di
tio
ns
o
f
e
n
vi
ro
nm
en
ta
l
st
re
ss
.
Su
ch
fis
h
ha
ve
n
o
w
be
en
id
en
tif
ie
d
a
n
d
th
ey
w
ill
be
u
se
d
fo
r
br
ee
di
ng
pu
rp
os
es
to
se
e
w
he
th
er
th
is
ch
ar
ac
te
ris
tic
is
ge
ne
tic
al
ly
de
te
rm
in
ed
.
If
it
pr
ov
es
.
po
ss
ib
le
to
br
ee
d
fis
h
w
ith
re
du
ce
d
ph
ys
io
lo
gi
ca
l
re
sp
on
se
s
to
co
m
m
o
n
fo
rm
s
o
f
a
qu
ac
ul
tu
ra
l
st
re
ss
,
i.e
.
to
a
cc
e
le
ra
te
th
e
ra
te
o
f
do
m
es
ti-
ca
tio
n,
fu
rth
er
st
ud
ie
s
w
ill
be
n
e
e
de
d
to
co
m
pa
re
th
e
a
bi
lity
o
f
su
ch
fis
h
to
re
si
st
pa
th
og
en
ic
ch
al
le
ng
e
u
n
de
r
a
qu
ac
ul
tu
re
co
n
di
tio
ns
.
H
ow
ev
er
,
do
m
es
ti-
ca
te
d
fis
h
m
a
y
be
ill-
su
ite
d
fo
r
st
oc
ki
ng
in
to
n
a
tu
ra
l
e
n
vi
ro
nm
en
ts
w
he
re
a
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hi
gh
se
n
si
tiv
ity
to
a
n
a
cu
te
st
re
ss
m
a
y
w
e
ll
be
a
n
a
dv
an
ta
ge
(se
e b
el
ow
)
a
n
d,
u
lti
m
at
el
y,
it
m
a
y
be
a
dv
isa
bl
e
to
de
ve
lo
p
di
ffe
re
nt
st
ra
in
s
fo
r
in
te
ns
iv
e
a
qu
ac
ul
tu
re
a
n
d
fo
r
re
st
oc
ki
ng
pu
rp
os
es
.
Ev
ol
ut
io
na
ry
Co
ns
id
er
at
io
ns
Th
er
e
ca
n
be
lit
tle
do
ub
t
fro
m
o
u
r
st
ud
ie
s
th
at
pr
ol
on
ge
d
e
le
va
tio
n
o
f
bl
oo
d
co
rti
so
l
le
ve
ls
du
rin
g
ch
ro
ni
c
st
re
ss
si
gn
ific
an
tly
in
cr
ea
se
s
th
e
su
sc
e
pt
ib
ilit
y
o
f
sa
lm
on
id
fis
h
to
di
se
as
e.
It
e
e
m
s
lik
el
y
th
at
th
is
is
m
e
di
at
ed
,
in
pa
rt
a
t
le
as
t,
by
a
su
pp
re
ss
ive
e
ffe
ct
o
n
th
e
lym
ph
oi
d
tis
su
es
.
It
is
di
ffi
cu
lt
to
se
e
ho
w
th
is
pa
rt
o
f
th
e
st
re
ss
re
sp
on
se
ca
n
be
-a
da
pt
ive
fo
r
th
e
in
di
vid
ua
l
(al
tho
ug
h
so
m
e
w
o
rk
er
s
in
th
e
m
a
m
m
a
lia
n
fie
ld
ha
ve
sp
ec
ul
at
ed
a
bo
ut
a
po
ss
ib
le
pr
ot
ec
tiv
e
ro
le
in
a
u
to
-im
m
un
e
re
a
ct
io
ns
,
i.e
.
da
m
ag
e
ca
u
se
d
by
th
e
a
n
im
al
s
o
w
n
de
fe
nc
e
sy
st
em
s)
a
n
d
o
n
e
is
le
ft
w
ith
th
e
pr
ob
le
m
o
f
e
xp
la
in
in
g
ho
w
su
ch
a
po
te
nt
ia
lly
da
ng
er
ou
s
m
e
ch
an
is
m
co
u
ld
ha
ve
e
vo
lv
ed
.
Th
e
a
da
pt
ive
ro
le
o
f
co
rti
so
l
se
cr
e
tio
n
se
e
m
s
to
lie
in
its
a
bi
lity
to
pr
om
ot
e
gl
uc
on
eo
ge
ne
sis
(th
e
pr
od
uc
tio
n
o
f
ca
rb
oh
yd
ra
te
s
fro
m
n
o
n
-c
a
rb
oh
yd
ra
te
so
u
rc
e
s,
u
su
a
lly
pr
ot
ei
n).
Th
is
re
a
ct
io
n
fo
rm
s
pa
rt
o
f
a
co
m
pl
ex
re
sp
on
se
to
e
n
vi
ro
nm
en
ta
l
st
re
ss
by
w
hi
ch
th
e
fis
h
ca
n
u
til
iz
e
e
n
e
rg
y
re
se
rv
e
s
n
o
t
n
o
rm
a
lly
a
va
ila
bl
e
to
it.
Ca
te
ch
ol
am
in
es
,
su
ch
a
s
a
dr
en
al
in
e
a
n
d
n
o
r-
a
dr
en
al
in
e,
a
ls
o
pl
ay
a
n
e
xt
re
m
el
y
im
po
rta
nt
ro
le
in
th
is
a
sp
ec
t
o
f
th
e
st
re
ss
re
sp
on
se
.
Un
de
r
n
a
tu
ra
l
co
n
di
tio
ns
th
e
fis
h
u
til
iz
es
th
es
e
ch
an
ge
s
in
its
ph
ys
io
lo
gi
ca
l
st
at
e
to
a
vo
id
o
r
o
ve
rc
o
m
e
th
e
im
m
ed
ia
te
th
re
at
("f
lig
ht
o
r
fig
ht
").
Th
e
o
sm
o
re
gu
la
to
ry
ro
le
o
f
co
rti
so
l
m
a
y
a
ls
o
be
im
po
rta
nt
du
rin
g
th
e
re
co
ve
ry
ph
as
e
by
pr
om
ot
in
g
th
e
re
-e
st
ab
lis
hm
en
t
o
f
o
sm
o
tic
a
n
d
io
ni
c
e
qu
ilib
riu
m
.
Th
es
e
a
dv
an
ta
ge
s
m
a
y
w
e
ll
o
u
tw
ei
gh
,
in
a
n
e
vo
lu
tio
na
ry
se
n
se
,
a
n
y
di
sa
dv
an
ta
ge
s
a
ss
o
ci
at
ed
w
ith
a
te
m
po
ra
ry
im
pa
irm
en
t
o
f
th
e
fis
h'
s
de
fe
nc
e
sy
st
em
s.
H
ow
ev
er
;
u
n
de
r
ch
ro
ni
c
co
n
di
tio
ns
w
he
re
th
e
e
n
vi
ro
n-
m
e
n
ta
l
st
re
ss
ca
n
n
o
t
be
a
vo
id
ed
o
r
o
ve
rc
o
m
e
,
th
e
di
sa
dv
an
ta
ge
ou
s
e
ffe
ct
s
o
f
ch
ro
ni
c
in
te
rre
na
l
st
im
ul
at
io
n
m
a
y
e
ve
n
tu
al
ly
sh
ow
u
p
a
s
a
n
in
cr
ea
se
in
th
e
in
ci
de
nc
e
o
f
di
se
as
e
in
th
e
fis
h
po
pu
la
tio
n.
W
ith
th
e
po
ss
ib
le
e
xc
e
pt
io
ns
o
f
pr
ol
on
ge
d
dr
ou
gh
t
(us
ua
lly
a
ss
o
ci
at
ed
w
ith
e
le
va
te
d
te
m
pe
ra
tu
re
s)
a
n
d
o
ve
rc
ro
w
di
ng
,
it
is
di
ffi
cu
lt
to
fin
d
e
xa
m
pl
es
o
f
ch
ro
ni
c
st
re
ss
in
a
tru
ly
n
a
tu
ra
l
e
n
vi
ro
nm
en
t.
Th
e
e
xa
m
pl
es
gi
ve
n
a
t
th
e
be
gi
nn
in
g
o
f
th
is
pa
pe
r
(ac
idi
fic
ati
on
,
n
u
tri
en
t
e
n
ric
hm
en
t,
po
llu
tio
n)
a
re
a
ll
e
ffe
ct
s
o
f
m
a
n
's
in
flu
en
ce
s
o
n
th
e
a
qu
at
ic
e
n
vi
ro
nm
en
t,
st
re
ss
es
w
hi
ch
th
e
fis
h
a
re
in
ca
pa
bl
e
o
f
o
ve
rc
o
m
in
g.
At
be
st
,
th
e
fis
h
ca
n
a
cc
lim
at
e
by
re
du
cin
g
th
e
lo
ng
-te
rm
a
ct
iv
ity
o
f
th
e
H
PI
a
xi
s
th
er
eb
y
a
vo
id
in
g
th
e
w
o
rs
t
pr
ob
le
m
s
o
f
di
se
as
e
su
sc
e
pt
ib
ilit
y.
H
ow
ev
er
,
o
th
er
a
sp
ec
ts
o
f
th
e
fis
h'
s
bi
ol
og
y
su
ch
a
s
gr
ow
th
ra
te
a
n
d
re
pr
od
uc
tiv
e
su
cc
e
ss
a
re
u
su
a
lly
re
du
ce
d
u
n
de
r
su
ch
co
n
di
tio
ns
.
Th
us
,
ph
ys
io
lo
gi
ca
l
st
re
ss
re
sp
on
se
s
a
pp
ea
r
to
ha
ve
e
vo
lv
ed
in
sa
lm
on
id
s
to
co
pe
w
ith
a
cu
te
e
n
vi
ro
nm
en
ta
l
st
re
ss
O
n
its
m
a
n
y
fo
rm
s)
bu
t
a
pp
ea
r
to
be
in
ef
fe
ct
ive
o
r
e
ve
n
m
a
l-a
da
pt
ive
w
he
n
th
e
fis
h
a
re
fa
ce
d
w
ith
a
ch
ro
ni
c
st
re
ss
.
Su
ch
re
sp
on
se
s
co
u
ld
be
im
po
rta
nt
in
de
ns
ity
-d
ep
en
de
nt
a/
0
a
a
lim
is
a
a
inp
o
n
m
o
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m
e
chanism
s
for
co
ntrolling
population
size.
Under
cro
wded
co
nditions,
increased
m
o
rtality
rates
a
nd
reduced
reproductive
su
cce
ss
a
s
-a
re
sult
of
physiological
stress
re
sponses,
w
o
uld
a
ct
to
reduce
the
population
density
to
a
level
w
here
su
ch
re
sponses
w
e
re
m
inim
al.
Sexual
m
aturation
is
a
special
ca
se
of
prolonged
interrenal
a
ctivation
that
has
developed,
quite
n
aturally,
during
the
co
u
rse
of
e
volution.
The
advantages
of
this
re
sponse
in
term
s
of
the
fish's
e
n
e
rgy
requirem
ents
during
a
period
of
virtual
starvation
m
ay
be
greater
than
the
disadvantages
of
a
dem
onstrable
increase
in
su
sceptibility
to
disease.
Support
for
this
line
of
thought
ca
n
be
obtained
from
the
e
xtent
of
interrenal
a
ctivity
in
different
species
of
salm
onid
fish
during
the
spawning
se
a
so
n
.
In
general,
those
fish
w
ith
the
longest
spawning
m
igrations
(and,
therefore,
the
greatest
e
n
e
rgy
requirem
ents)
have
the
greatest
a
m
o
u
nt
of
interrenal
tissue
a
nd
the
highest
co
rtisol
levels.
This
line
of
e
volution
is
taken
to
its
lim
it
w
ith
the
Pacific
salm
on
(genus
O
ncorhynchtA
in
w
hich
the
fish
die
of
e
xhaustion
a
nd
disease
after
a
single
spawning
(semelparity).
Under
the
u
n
n
atural
co
nditions
of
intensive
aqua-
culture,
the
increase
in
su
sceptibility
to
disease
of
se
xu
ally
m
ature
salm
onids
is
a
se
rious
problem
because
diseased
fish
a
ct
a
s
a
potential
so
u
rce
of
infection
for
the
other
fish
w
ithin
the
u
nit.
Sum
m
ary
A
ce
ntral
co
m
ponent
of
the
physiological
re
sponse
of
salrnonid
fish
to
a
ny
form
of
e
n
vironm
ental
stress
is
a
n
a
ctivation
of
the-
hypothalam
ic-
pituitary-interrenal
(HPI)
a
xis.
This
re
sults
in
a
n
elevation
of
blood
co
rtisol
levels.Cortisol
is
of
adaptive
significance
during
a
cute
stress
re
sponses
by
e
n
abling
the
fish
to
utilize
e
n
e
rgy
re
se
rve
s
in
o
rder
to
a
void
o
r
o
ve
rco
m
e
the
stress.In
re
sponses
to
chronic,
stress,
how
ever,
prolonged
elevation
of
blood
co
rtisol
levels
ca
n
predispose
the
fish
to
disease
by
suppressing
the
defence
system
s.
Eventually,
the
H
PI
a
xis
m
ay
a
cclim
ate
w
ith
a
return
of
blood
co
rtisol
levels
to
n
o
rm
al.
(d/
Sexual
m
aturation
is
also
a
sso
ciated
w
ith
a
n
increase
in
su
sceptibifity
to
disease.
A
prolonged
elevation
of
co
rtisol
levels
together
w
ith
a
ndrogen-
dependent
changes
in
the
skin
a
re
re
sponsible
for
su
ch
changes
in
disease
re
sistance
in
se
xu
ally
m
ature
fish.
(e)
These
findings
a
re
discussed
in
relation
to
the
e
volution
a
nd
adaptive
significance
of
stress
re
sponses
a
nd
to
the
developm
ent
of
se
m
elparity
in
salm
onid
fish.
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Activation
of
the
salm
onid
pituitary-
interrenal
a
xis
u
nder
co
nditions
of
stress
has
been
e
xtensively
characterized
(Picker-
ing,
1989)
a
nd
the
deleterious
co
n
sequences
of
chronic
co
rtisol
elevation
a
re
becom
ing
equally
w
ell
u
nderstood.
These
include
pre-
disposition
to
disease
(Pickering
a
nd
Pot-
tinger,
1989),
suppression
of
reproductive
function
(Carragher
et
al.,
1989),
a
nd
!e-
duction
in
growth
rate
(Barton
et
at,
1987).
Investigations
so
far
have
co
n
ce
ntrated
o
n
m
e
a
su
re
m
e
nt
of
the
prim
ary
stress
re
-
sponse
(plasma
ACTH
a
nd
co
rtisol
levels)
a
nd
subsequent
effects
in
term
s
of
a
se
c-
o
ndary
re
sponse
(e.g.,
plasm
a
m
etabolite
levels,
lym
phocyte
abundance,
levels
of
re
-
productive
horm
ones).
N
o
inform
ation
is
yet
a
vailable
o
n
the
role
of
target
tissues
them
selves
in
m
odulation
of
the
stress
re
-
spilik-fThe
transduction
of
the
horm
one


signal
to
target
tissue
re
sponse
o
ccu
rs
via
a
specific
horm
one
re
ceptor,
a
nd
studies
in
m
a
m
m
alian
system
s
suggest
that
tissues
ca
n
co
ntrol
their
se
n
sitivity
to
glucocorti-
coids
by
altering
the
n
u
m
ber
of
re
ceptors
present
w
ithin
the
cell(Daniels0n
a
nd
Stall-
cup,
1984).To
date,
putative
co
rtisol
re
cep-
tor
proteins
have
been
characterized
in
de-
tail
in
o
nly
tw
o
salm
onid
tissues,
gill
a
nd
liver
(Sandor
et'al.,
1984;Chakraborti
a
nd
W
eisbart,
1987;
Chakraborti
et
at,
1987).
M
any
studies
show
that
adm
inistration
of
e
xogenous
co
rtisol
to
teleosts
produces
al-
terations
in
hepatic
m
etabolism
(Freeman
a
nd
Idler,
1973;
Chan
a
nd
W
oo,
1978;
D
avis
et
al.,
1985;Inui
a
nd
Yokote,
1975;
W
hiting
a
nd
W
iggs,
1977;
Foster
a
nd
M
oon,
1986)
a
nd
it
is
likely
therefore
that
stress-induced
perturbations
in
interm
edi-
a
ry
m
etabolism
(Leach
a
nd
Taylor,
1980;
Ellsaesser
a
nd
Clem
,
1987)
are
at
least
par-
tially
m
ediated
by
co
rtisol
and
hence
re-
quire
a
hepatic
co
rtisol
receptor.
The
aim
of
the
present
study
w
as,
first,
to
determ
ine
w
hether
co
rtisol-binding
sites
co
uld
be
identified
w
ithin
the
liver
of
rainbow
trout,
and
seco
nd,
to
assess
w
hether
the
n
ature
of
su
ch
sites
w
as
m
odified
by
chronic
stress.
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Fish.
Tw
o-year-oldrainbowtrout(Stirlingstrain)
w
erem
aintainedaladensityof50fishpertank(mean
w
eight,I
•
508I
17g.SEM
)in
1500-literoutdoor
fibregInstanks,ea
ch
suppliedw
isha
co
n
stantflow
of
lake
w
ater(35M
en
m
in-
').Thefish
w
ere
fed
o
n
ce
dailyw
ithco
m
m
ercialfeed
at•
rateof1%
bodyw
eight
day
-1.Todeterm
inetheeffectsofco
nfinem
entstress
o
n
levelsofhepaticeo
nisolbinding,fourgroupsof8
fish(eachgroupco
m
prising2
fishfrom
ea
ch
offour
stocktanks)w
ereco
nfinedto
50-literpolypropylene
tanksw
ith
•
co
n
stantflow
oflake
w
ater(15
liters
m
in
-
').TbeG
A
w
erethen
sa
m
pled24.48,72,a
nd96
hr
after
theonsetofco
nfinem
ent(onegroupoffishat
ea
chtim
einterval).Atea
ch
sa
m
ple,•
further8,
u
n
-
stressed,G
ab(2from
ea
ch
offouru
ndisturbedstack
tanks)w
ererem
o
v
ed,to
provideco
ntrols.Fish
w
ere
im
m
ediatelya
n
a
esthetizedin
in
2-phenoxyethanol
(1:2000)and
•bloodsa
m
plew
a
srem
o
v
edu
singahep-
a
rinidedsY
ringeforco
rtisoldeterm
ination.Fishw
ere
thenkilledby
•
sharpblowtothehad,
w
eighed,plea-
su
red,and
sex
ed
a
ndthe
liversw
ere
rem
o
v
eda
nd
treateda
sdesaibedbelow
.Todeterm
inetheeffectof
ex
ogenousco
nisolo
nlevelsofhepaticco
rdsolbind-
ing,thefollow
ingprocedurew
a
sem
ployed.Eighty2-
year-oldrainbowtrout(Annanstrainm
ea
n
w
eight.Y
r
w
1056s
53g.SEM
)w
a
sdividedequallya
m
o
ngfour
1500-litero
utdoorfibreglasstanks,m
aintaineda
s
above.TbeG
ibfrom
tw
otanksreceiveda
nintraperi-
tonalinjectionof
m
oltenco
co
abutter(03
m
l)co
n
-
tainingsufficingco
nisolto
provide•dose
of60.0
m
g
kg
-1
bodyw
eight.Fahfrom
the
rem
ainingtw
otanks
receivedco
ca
butterv
ehicleo
nly.A
fter2
w
eeks.I
fullfrom
ea
ch
tank
w
en
a
a
m
pieda
ndProcesseda
s
descriliedabove(16fnbpa
treatm
ent).
ru
stle
preparation.
Liversw
ereplacedinhom
oge-
nizationbuffer(50
m
M
Tris-H
C
1.12
m
M
cn
o
n
othio-
glycerol,1.0m
M
EO
M
.10.0m
M
sodium
m
olybdate,
a
nd20%
glycerol)onice.A
fter rinsinginbuffer,livers
w
ere
w
eigheda
ndfirth
hom
ogenizationbufferw
a
s
addedin
the
ratioof2-5:1(vM
:weight).TU
M
IDw
a
s
m
incedfm
elyw
ith
scissorsa
ndhom
ogenized,oa
ice,
u
sing
a
nIK
A
-U
ltraTana
(T18/10)for10-secbunts
w
ithcO
nlingbetw
eenbursts.H
om
ogenatesw
erede-
ca
ntedinto:cergrifugetubesa
ndspunat1003:for30
m
inhC4w
piepare•
snide
n
u
clearpelletSuperna-


u
nt(crudecytosol)w
a
sa
spiratedinto
•
cleantube.
Thepelletw
a
sw
a
shedthreeLim
esin20.0nilbufferby
resu
spensiona
nd
recentriruption.then
25.0
m
lex
-
tractionbuffer(0.7
AiK
C
1inhom
ogenizationbuffer)
w
a
saddedto
thepelletw
hich
w
a
s
resu
spendeda
nd
incubatedat4',
w
ithfrequentm
ixingfor1hr.D
extral-
co
atedcharcoalsu
spension(DCC,1.25%
a
ctivated
charcoal,0.125%
dextranin
hom
ogenizationbuffer)
w
a
s
addedto
crudecra
w
l,
to
rem
o
v
eendogenous
steroids,in
theratioof1:1(voLvol).m
ixed,a
ndincu-
batedatC
for45
m
inad
thenspunal50.000gfor1hr
at C.The
resultingclearsupernatantw
a
s
a
spirated
intocleartubesa
ndstoredat
-70f
u
ntilrequiredfor
a
ssay.N
uclearextractsw
ere
sim
ilarlytreatedw
ith
D
C
C
,spundow
n,a
ndstoredat
-7If.
Quantification
qf
steroid
binding.
The
bindingof
l'H
kortisolto
livercytosoland
n
u
clearextractw
a
s
quantifiedby
saturationa
n
alysis.C
nosol
co
ntaining
2.0-5.0
m
gproteinm
l
-
'
w
a
sincubatedin
duplicate
200-14aliquotsw
ith103pihom
ogenizationbufferco
n
-
taining1.5-18.0D
M
(1,2.6,7
-
(86
a
=
n
ot-%
A
m
ershansInternational) bothw
itha
ndw
ith-
o
ut
•
10304oldex
cessofinertco
nisol.A
fterincuba-
tionfor4
hr
at4',
u
nboundsteroidw
a
srem
o
v
edbyihe
additionto
ea
chtubeof203plD
C
C
,follow
edby
in-
cubationo
nicefor10m
in(detenninedbypriorexPec
in:m
utationlo
be
the
optim
alincubationperiod)a
nd
centrifuptioaat1030gfor5
m
in
atC
.A
liquotsof
supernatantwererem
o
v
ed,addedto5.0
m
/U
nisolve1
=M
ilitant(Koch-Light)in
•
vial,and
co
u
nted
u
nder
standardtritiumco
nditions.Specificbindingw
a
s
cal-
culatedfrom
totala
nd
n
o
n
specificbindinga
nd
the
equilibriumdissociationco
n
stant(40)
a
nd
m
a
xim
um
n
u
m
berofbindingsitcs
w
ere
calculateda
c-
co
rdingu
sScatchan1(1949).TheassayprocedureW
U
identicalfor
n
u
clearextracts.Plasm
abindingw
a
s
a
s-
sessed
u
sing
the
sa
m
eprotocolbutfirstdiluting
plasm
a1:10w
ith
hom
ogenizationbuffer.Estradiol
bindingw
a
salso
m
ea
su
redu
singthisprocedure,but
substituting11,2,6,7
-311)estradiol (100C
Im
ad-%
A
m
enhamInternational) andinertestradiol.
Protein
determ
buttion.
Proteinco
n
centrationin
the
v
a
riouscrepantioasw
a
sdelernim
edbythe
m
ethodof
O
baishia
rsdBarr(1978).
Caruso:
radlobttnuawassay.
Plasm
aco
nhollevels
w
eredeterm
ineda
cco
rdingto
n
a
nhodologyin
Picker-
inset
al.(1987).
Effect
of
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retliver
cysasol.
Ten
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1pm
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w
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o
r
w
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cessinertm
a
rtial,w
a
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w
ith203plhom
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bacterialpeolease(Sigma.5.6U
f
m
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').A
further/0
tubesw
ae
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ith203plbuffero
nly.Total
a
ndD
onspecirtebindingw
eredetarnineda
s
above.
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C
annotbindinghasbeenidentifiedin
eytosolspreparedfrom
rainbowtroutEver.
Bindingisofhighaffinity(In
s
5.1
0.2
nM
, n
s
23)low
capacity (M.„
s
197±
12fm
ol
ing-'Protein,is
•
23).a
ndhigh
specificity,onlydexam
ethasooe,co
rtisol,a
ndR
u38486
beingefficientindisplacingboundl'H
Icatisol.Bindingis
n
otdueto
co
ntam
inationbyblood
becauseplasm
adisplayedn
o
affm
ityforco
nisolu
nderthea
ssayregim
eem
ployedherea
nd,
althoughw
holebloodcytosoldoesspecificallybindD
enim
!,thedegnx
ofco
ntam
inationis
dem
onstrablytoo
low
to
a
cco
u
ntforthelevelsofbindingdetectedin
livercflosoL
N
o
specificbindingofl'Filcortisolco
uldbedetectedin
liver
n
u
clearextracts,althotighthe
sim
ultaneousassayfornuclearestndiotbindingsitesw
aspositive.R
ainbowtroutstressed
by
co
nfinem
entdisplayed•
significantreductioninM
losorm(111)cortisol-binding
capacity
(withn
o
co
n
co
m
itantdetectableappearanceofbindingw
ithinn
u
clearextracts),96-brco
n
-
finem
enteliciting
•
40%
depressionin
bindingcapacityrelativeto
u
n
stressedrub.The
adm
inistrationof
cottisolviaintrapentonenl implantsalso
reduced,significantly,the
n
u
m
-
ber
of
bepalickendingsites.The
resultsa
m
discussedw
ithreferenceto
a
n
o
m
aliesin
re-
portedcharacteristicsofteleostglucocorticeidrecePtorsa
nd
thePhenom
enonofdow
n-
regulationobservedin
so
m
em
a
m
m
aliansystem
s.
o
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n
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un
d
a
n
d
u
n
bo
un
d
rIf
Ic
or
tis
ol
by
Se
ph
ad
er
1.
11
-2
0
co
lu
m
n.
Se
ph
ad
ex
11
1-
20
10
3
ge
l
w
a
s
sw
o
lle
n
in
ho
m
og
en
iza
tio
n
bu
ffe
r
o
ve
rn
ig
ht
a
t 4
'.
Tw
o
m
illi
lit
er
s
o
f
sl
ur
ry
w
a
s
lo
ad
ed
in
to
pl
as
tic
co
l-
u
m
n
s
(7.
0
x
0.
7
cm
).
Af
te
r
se
ttl
in
g.
20
0
pi
o
f
e
ith
er
cy
to
so
l
o
r
n
u
cl
ea
r
e
xt
ra
ct
.
pr
ee
qu
ilib
ra
te
d
w
ith
l'H
Ic
or
lis
ol
in
th
e
pr
es
en
ce
o
r
a
bs
en
ce
o
f e
xc
e
ss
be
et
co
n
is
ol
.
w
a
s
a
dd
ed
to
th
e
co
lu
m
ns
.
Af
te
r
10
m
in
a
s
4'
,
co
lu
m
ns
w
e
re
e
lu
te
d
w
ith
1.
0
rr
d
bu
ffe
r.
M
ot
e
w
a
s
co
lle
ct
ed
In
sc
in
til
la
tio
n
vi
al
s
a
n
d
co
u
n
te
d
u
n
de
r
st
an
-
da
rd
tri
tiu
m
co
n
di
tio
ns
.
Pr
ep
ar
at
io
n
o
f
w
ho
le
bl
oo
d
e
yt
os
ol
.
Tw
el
ve
ra
in
-
bo
w
tro
ut
0
ye
ar
s
o
ld
,
An
na
n
st
ra
in
)
w
e
re
re
m
o
ve
d
fro
m
a
n
u
n
di
st
ur
be
d
st
oc
k
ta
nk
a
s
de
se
rte
d
a
bo
ve
.
In
a
dd
itio
n
to
liv
er
tis
su
e,
4.
0-
5.
0
m
l b
lo
od
w
a
s
re
m
o
ve
d
fro
m
re
a
ch
fis
h.
Li
ve
r
w
a
s
pr
oc
es
se
d
a
s
a
bo
ve
.
Bl
oo
d
sa
m
pl
es
w
e
re
ce
n
tri
fu
ge
d
a
t
10
0g
fo
r
IS
m
in
a
l
4"
,
pl
as
m
a
w
a
s
re
m
o
ve
d,
a
n
d
ce
lls
se
re
w
a
sh
ed
o
rr
ic
e
w
ith
ho
m
og
et
da
tiO
n
bu
ffe
r.
Th
es
e
a
rm
le
t
w
e
re
th
en
tre
at
ed
e
xa
ct
ly
a
s
liv
er
sa
t*,
to
pr
od
uc
e
•
w
ho
le
bl
oo
d
cy
to
so
l.
Th
is
w
a
s
st
or
ed
a
t
—
70
' u
n
til
a
ss
a
ye
d.
Ca
lo
rim
et
ric
de
te
rm
in
at
io
n
o
f
re
la
tiv
e
co
n
ce
n
tra
-
tio
ns
o
f
ha
em
og
lo
bi
n
In
w
ho
le
bl
oo
d
e
ro
so
l
a
n
d
liv
er
o
n
o
so
l.
Ila
ct
ne
gl
ob
in
a
bs
or
bs
m
a
a
irn
af
ly
a
l
34
0
(S
ne
ll
a
n
d
Sn
el
l,
19
54
). T
he
a
bs
or
ba
nc
e
o
f
•
se
rie
s
o
f
di
lu
tio
ns
o
f
w
ho
le
bl
oo
d
cy
lo
s0
1
(I
in
$0
to
1
in
80
0)
w
a
s
de
te
rm
in
ed
to
pr
ov
id
e
•
st
an
da
rd
CU
/V
er
e
la
tin
g
to
Ab
s.
"
to
•
re
la
tiv
e
co
n
ce
n
tra
tio
n
o
f
w
ho
le
bl
oo
d
cy
-
to
ta
l.
Li
ve
r
cr
e
so
l
a
t
•
di
lu
tio
n
o
f
1
in
50
w
a
s
a
ls
o
m
e
a
su
re
d
to
pe
vid
e
a
n
e
st
im
at
e
o
f
th
e
re
la
tiv
e
ha
e-
rn
o
gl
ob
ae
cio
te
nt
a
n
d
th
us
e
n
e
st
im
at
e
o
f t
he
de
gr
ee
o
f
bl
oo
rfe
 
o
n
tim
in
at
io
n
o
f
liv
er
cr
e
so
l.
St
at
ist
ica
l
a
n
a
lys
is.
Th
e
co
n
ce
n
tra
tio
n
o
f
bi
nd
in
g
si
te
s
in
th
e
liv
en
o
f
st
re
ss
ed
a
n
d
u
n
st
re
ss
ed
fis
h
a
n
d
re
sp
ec
tiv
e
pl
as
m
a
co
n
is
ol
le
ve
ls
w
e
re
a
n
a
lyz
ed
by
a
tw
o-
w
ay
a
n
a
lys
is
o
f
va
ria
nc
e
(A
NO
VA
,
ge
ns
ta
t)
w
ith
tre
at
m
en
t
(st
res
se
d,
u
n
st
re
ss
ed
)
a
n
d
tim
e
a
s
fa
ct
or
s.
Fr
om
•
pl
ot
o
f
th
e
re
si
du
al
s
a
ga
in
st
fit
te
d
va
lu
es
,
a
p-
pr
op
ria
te
tra
ns
fo
rm
at
io
ns
w
e
re
se
le
ct
ed
(V
o
r
lo
g)
to
im
pr
ov
e
ho
m
og
en
ei
ty
o
f
va
ria
nc
e.
Th
e
le
ve
ls
o
f
si
g-
n
ific
an
ce
gi
ve
n
a
re
de
riv
ed
to
rn
th
is
a
n
a
lys
is.
bu
t
fo
r
e
a
se
o
f
pr
es
en
ta
tio
n,
da
ta
a
re
gi
ve
n
a
s
a
rit
hm
et
ic
m
e
a
n
s
:e
SE
M
.
R
ES
UL
TS
R
ai
nb
ow
tro
ut
liv
er
cy
to
so
l
w
a
s
fo
un
d
to
bi
nd
e
llic
or
tis
ol
in
a
sp
ec
ific
a
n
d
sa
tu
ra
bl
e
fa
sh
io
n,
k0
=
5.
12
--
0.
2
n
M
,
N
19
7
-
2:
12
fm
ol
m
g-
1
pr
ot
ei
n
(I
e
SE
M
,
n
=
23
).
Th
e
da
ta
fro
m
w
hi
ch
th
es
e
va
lu
es
a
re
de
-
riv
ed
a
re
pr
es
en
te
d
gr
ap
hi
ca
lly
in
Fi
g.
I.
M
ax
im
um
sp
ec
ific
bi
nd
in
g
o
f
e
ll]c
ort
iso
l
to
liv
er
cy
to
so
l
w
a
s
a
ch
ie
ve
d
a
fte
r
2
hr
o
f
in
cu
ba
tio
n
a
t
e
(F
ig.
2),
bu
t
de
cli
ne
d
n
o
ta
-
bl
y
be
tw
ee
n
6
a
n
d
18
hr
.
St
or
ag
e
o
f
cy
to
so
l
a
t
—
70
'
co
m
pl
et
el
y
a
bo
lis
he
d
sp
ec
ific
bi
nd
-
in
g;
ho
w
ev
er
,
bi
nd
in
g
w
a
s
m
a
in
ta
in
ed
a
t
pr
es
to
ra
ge
le
ve
ls
by
th
e
in
cl
us
io
n
o
f
20
%
gl
yc
er
ol
in
th
e
ho
m
og
en
iza
tio
n
bu
ffe
r.
In
-
cu
ba
tio
n
w
ith
pr
ot
ea
se
a
ls
o
co
m
pl
et
el
y
a
bo
lis
he
d
sp
ec
ific
bi
nd
in
g.
D
at
a
o
n
,
th
e
sp
ec
ific
ity
o
f
th
e
cy
to
so
l-b
in
di
ng
si
te
s
a
re
pr
es
en
te
d
in
Fi
g.
3,
th
e
hi
er
ar
ch
y
o
f
di
s-
pl
ac
em
en
t
m
a
y
be
su
m
m
a
riz
ed
a
s
de
xa
-
m
e
th
as
on
e
>
co
rti
so
l
>
R
u3
84
86
>
co
ra
-
co
st
er
on
e
>
e
st
ra
di
ol
>
11
-d
eo
xy
co
rti
so
l
>
co
rti
so
ne
>
17
a
-
hy
dr
ox
yp
ro
ge
st
er
on
e
>
1I
-k
et
ot
es
to
st
er
on
e
>
te
st
os
te
ro
ne
.
D
ur
in
g
th
e
pr
oc
es
sin
g
o
f
liv
er
fo
r
cy
to
so
l
pr
ep
ar
at
io
n,
it
w
a
s
n
o
t
po
ss
ib
le
to
a
vo
id
co
n
ta
m
in
at
io
n
o
f
th
e
ho
m
og
en
at
e
by
w
ho
le
bl
oo
d.
Pl
as
m
a
w
a
s
n
o
t
fo
un
d
to
bi
nd
(3H
)co
rtis
ol
u
n
de
r
th
e
a
ss
a
y
co
n
di
tio
ns
e
m
-
pl
oy
ee
'
he
re
,
bu
t
w
ho
le
bl
oo
d
cy
to
so
l
di
d
di
sp
la
y
sp
ec
ific
,
sa
tu
ra
bl
e,
bi
nd
in
g
o
f
PH
Ic
or
tis
ol
.
H
ow
ev
er
,
bo
th
a
ffi
ni
ty
a
n
d
ca
-
pa
cit
y
w
e
re
si
gn
ific
an
tly
di
ffe
re
nt
fro
m
th
os
e
o
f
liv
er
cy
to
so
l
O
D
liv
er
=
6.
4
±
0.
5
n
M
,
bl
oo
d
o
v
2.
3
±
0.
4
n
M
,
P
<
0.
00
1,
t
te
st
;
N
r,.
.„,
liv
er
=
17
1
a
:
17
fm
ol
m
g-
1
pr
o-
te
in
,
bl
oo
d
=
40
e
6
fm
ol
m
g-
1
pr
ot
ei
n,
P
re
to
n
o
re
re
m
e
m
e
ra
m
m
e
e
pr
et
se
rf
pa
wn
Fm
.
.
(a)
Sa
tur
ati
on
cu
rv
e
de
riv
ed
fro
m
a
ss
a
p
o
f
liv
er
cy
lo
so
ls
fro
m
23
in
di
vid
ua
l
ra
in
bo
w
tro
ut
.
Up
pe
r
lin
e.
Br
;
m
id
dl
e
lin
e,
Bs
;
lo
w
er
lin
e.
13
,4
s.
St
an
da
rd
<
n
o
n
o
f t
he
m
e
a
n
s
w
o
e
to
o
sm
a
ll
to
be
di
sp
la
ye
d.
(b)
Sa
tc
ha
rd
pl
ot
o
f
th
e
a
bo
ve
da
ta
.
Ea
ch
po
in
t
is
th
e
m
e
a
n
e
t
23
±
SE
M
.
kb
LI
n
M
,
N
an
w
19
7f
m
ol
m
g"
'
pr
ot
ei
n.
<
0.
03
1,
r
te
st
,
n
12
in
bo
th
ca
se
sL
Ba
se
d
o
n
co
lo
rim
et
ric
m
e
a
su
re
m
e
n
t,
th
e
co
n
ce
n
-
tra
tio
n
o
f
ha
em
og
lo
bi
n
in
liv
er
cy
to
so
l
w
a
s
fo
un
d
to
be
I/3
0
th
at
in
w
ho
le
bl
oo
d
cy
to
-
so
l.
Fi
na
lly
,
w
he
n
a
re
gr
es
sio
n
a
n
a
lys
is
w
a
s
ca
rr
ie
d
o
u
t
o
n
th
e
e
st
im
at
ed
ha
em
og
lo
bi
n
co
n
ce
n
tra
tio
n
a
n
d
a
n
u
m
be
r
o
f
sp
ec
ific
bi
nd
in
g
si
te
s,
n
o
si
gn
ific
an
t
re
la
tio
ns
hi
p
co
u
ld
be
de
m
on
st
ra
te
d.
In
n
o
n
e
o
f
th
e
n
u
cl
ea
r
e
xt
ra
ct
s
pr
ep
ar
ed
a
n
d
a
ss
a
ye
d
th
ro
ug
ho
ut
th
e
in
ve
st
ig
at
io
n
w
a
s
re
pr
od
uc
ib
le
bi
nd
in
g
o
f
e
ll]c
ort
iso
l
a
p-
pa
re
nt
.
To
de
te
rm
in
e
w
he
th
er
th
is
w
a
s
a
tru
e
jef
lec
tio
n
o
f
a
n
a
bs
en
ce
o
f
bi
nd
in
g
si
te
iti
s
a
pp
os
ed
to
a
pr
ep
ar
at
io
n
a
rte
fa
ct
, 

sa
m
pl
es
w
e
re
a
ss
a
ye
d
si
m
ul
ta
ne
ou
sl
y
fo
r
e
ilic
or
tis
ol
a
n
d
e
file
st
ra
di
ol
bi
nd
in
g.
Es
-
tra
di
ol
bi
nd
in
X
ha
s
be
en
de
m
on
st
ra
te
d
in
sa
lm
on
id
liv
er
pr
ev
io
us
ly
(La
zie
r
e
l
a
l.,
19
85
;
M
cP
he
rs
on
e
t
a
l.,
19
88
;
Po
tti
ng
er
,
19
86
).
Si
ng
le
po
in
t
a
ss
a
ys
w
e
re
ca
rr
ie
d
o
u
t
in
qu
ad
ru
pl
ica
te
o
n
cy
to
so
l,
n
u
cl
ea
r
pe
lle
t
w
a
sh
es
1-
3,
a
n
d
sa
lt-
ex
tra
ct
ed
n
u
cl
ea
r
pe
l-
le
t.
Sp
ec
ific
e
st
ra
di
ol
bi
nd
in
g
w
a
s
rn
e
a
su
r-
a
bl
e
in
a
ll
fra
ct
io
ns
;
in
cl
ud
in
g
n
u
cl
ea
r
e
x-
tra
ct
.
Sp
ec
ific
co
rti
so
l
bi
nd
in
g
w
a
s
a
pp
ar
-
e
n
t
o
n
ly
in
cy
to
so
l
(F
ig.
4).
M
ic
ro
sc
op
ic
e
xa
m
in
at
io
n
o
f
n
u
cl
ea
r
pe
lle
ts
,
pr
io
r
to
e
x-
tra
ct
io
n,
u
n
de
r
ph
as
e-
co
nt
ra
st
illu
m
in
at
io
n
re
ve
a
le
d
n
u
m
e
ro
u
s
in
ta
ct
n
u
cl
ei
.
To
e
n
su
re
th
at
se
pa
ra
tio
n
o
f
th
e
bo
un
d
a
n
d
u
n
bo
un
d
st
er
oi
d
in
n
u
cl
ea
r
e
xt
ra
ct
s
by
D
CC
,
in
th
e
pr
es
en
ce
o
f
hi
gh
sa
lt
co
n
ce
n
-
tra
tio
ns
,
w
a
s
pr
ov
id
in
g
a
va
lid
e
st
im
at
e
9f
sp
ec
ific
al
ly
bo
un
d
st
er
oi
d,
a
gr
ou
p
o
f
sa
m
-
pl
es
w
e
re
se
pa
ra
te
d
u
si
ng
LH
-2
0
co
lu
m
ns
.
N
o
sp
ec
ific
bi
nd
in
g
w
a
s
de
te
ct
ab
le
in
th
e
n
u
cl
ea
r
fra
ct
io
n
(cy
tos
ol
B,
=
23
,7
86
-
±
90
91
dp
m
;
n
u
cl
ea
r
e
xt
ra
ct
13
=
0,
n
=
5).
N
o
e
vi
de
nc
e
fo
r
th
e
co
n
jug
ati
on
o
f
[31
1c
ort
iso
l
to
a
so
lv
en
t-i
ns
ol
ub
le
de
riv
a-
tiv
e
du
rin
g
in
cu
ba
tio
n
w
ith
liv
er
cy
to
so
l
w
a
s
o
bt
ai
ne
d.
Ex
tra
ct
io
n
o
f
liv
er
cy
to
so
l
a
n
d
di
st
ille
d
w
a
te
r
in
cu
ba
te
s
pr
od
uc
ed
re
-
co
ve
rie
s
o
f
22
4,
87
3
e
76
8
dp
m
a
n
d
73
0,
00
8
55
1
dp
m
(n
=
10
,
N
SD
),
re
sp
ec
tiv
el
y.
Af
te
r
se
pa
ra
tio
n
o
n
TL
C,
e
xt
ra
ct
io
ns
o
f
cy
-
to
so
l
a
n
d
di
st
ille
d
w
a
te
r
in
cu
ba
te
s
ga
ve
re
-
co
ve
rie
s
o
f
51
.5
65
-
±
63
6
dp
m
a
n
d
54
,3
63
e
76
4
dp
m
,
re
sp
ec
tiv
el
y
(n
=
10
, P
<
0.
05
,
te
st
). Th
e
e
ffe
ct
s
o
f
co
n
fin
em
en
t
o
n
pl
as
m
a
co
rti
so
l
le
ve
ls
a
n
d
o
n
th
e
m
e
a
su
ra
bl
e
bi
nd
-
in
g
o
f
(3H
]co
rtis
ol
to
liv
er
cy
to
so
l
a
re
pr
e-
se
n
te
d
in
Fi
g.
5.
Af
te
r
24
hr
o
f
co
n
fin
em
en
t,
pl
as
m
a
co
rti
so
l
le
ve
ls
in
co
n
fin
ed
fis
h
w
e
re
55
n
g
m
l -
1
a
s
o
pp
os
ed
to
14
n
g
m
1-
1
in
u
n
co
n
fin
ed
fis
h
(n
=
8,
P
<
0.
00
1;
Fi
g.
5a
).
Co
rti
so
l
le
ve
ls
re
m
a
in
ed
hi
gh
in
co
n
fin
ed
fis
h
fo
r
th
e
fo
llo
wi
ng
72
hr
,
de
cli
ni
ng
sl
ig
ht
ly
to
40
n
g
m
1-
I
a
fte
r
96
hr
o
f
co
n
fin
e-
.
m
e
n
t;
st
ill
si
gn
ific
an
tly
e
le
va
te
d
co
m
pa
re
d
to
co
n
tro
l
le
ve
ls
o
f
4
n
g
m
1-
I
(P
<
0.
00
1).
a
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l
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M
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G
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PO
TTING
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RTISO
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D
ING
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TRO
UT
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D
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FIG
.
2.
The
tim
e
co
u
rse
of
binding
of
rEllconisol
to
rainbow
trout
liver
cytosot
at
4'.
Solid
line,
specifically
bound
steroid;
upper
broken
line,
total
bound
steroid;
low
er
broken
line,
n
o
n
specifically
bound
steroid.
E
C
E
C
C
E
C
E
C
Cresol
W
a.01
I
W
ash
a
W
an
3
N
utbef
0
Via
FaCtial
FIG
.4.
The
presence
of
specific
binding
sites
for
l'H
konisol
a
nd
elilestradiol
in
rainbow
trout
liver
e
ro
sd,
n
u
clear
pellet
w
a
shes,
a
nd
n
u
clear
e
xtract.
Each
point
is
the
m
e
a
n
of
four
determ
inations.
E.
specific
cstradiol
binding;
C.
specific
co
rtisol
binding.
ANO
VA
re
ve
aled
a
significant
treatm
ent
effect
a
nd
treatm
ent/tim
e
interaction
in
the
n
u
m
ber
of
hepatic
co
rtisol-binding
sites.
This
w
a
s
re
solved
a
s
n
o
significant
differ-
e
n
ce
at
24
hr
in
the
n
u
m
ber
of
cytosolic-
binding
sites
in
stressed
a
nd
u
n
stressed
fish
(142
±
14
vs
161
±
8,
n
=
8)
but
signifi-
ca
ntly
fewer
sites
in
the
liver
of
co
nfined,
a
s
opposed
to
u
n
co
nfined
fish
(allP
<
0.001)
in
the
re
m
aining
three
sa
m
ples
(Fig.
514.
Cortisol
im
plantation
significantly
ele-
vated
plasm
a
co
rtisol
levels
in
treated
fish
relative
to
the
sham
-im
planted
fish
(sham-
im
planted
i
a
4.2
a
-
0.9
ng
m
1-1;
co
rtisol


im
planted
i=
16.3
a
2.1
ng
m
l
I;
P
<
0.001,
n
=
16,(
test).
The
n
u
m
ber
of
co
r-
tisol-binding
sites
in
thc
liver
of
co
rtisca-
treated
fish
w
a
s
depressed
relative
to
co
n
-
trol
fish
(sham-implanted
I
=
123
t
7
fm
ol
m
g-)
protein;
co
rtisol-im
planted
I
=
99
a
7
fm
ol
m
g-
I
protein;
n
a
16,
P
<
0.05,
test)
a
nd
there
w
a
s
a
significant
relationship
between
the
plasm
a
co
rtisol
level
at
the
tim
e
of
sa
m
ple
a
nd
the
n
u
m
ber
of
hepatic-
binding
sites
(Fig.
6).
D
ISCUSSIO
N
R
ainbow
trout
liver
cytosol
binds
[31-11-
co
rtisol
w
ith
a
n
affinity,
specificity,
a
nd
ca
-
pacity
suggestive
of
the
presence
of
a
spe-
cific
steroid
re
ceptor
protein.
Binding
to
cytosol
is
protease
se
n
sitive
a
nd
displays
a
n
equilibrium
dissociation
co
n
stant
(kD)of
5.0
nM
,
close
to
that
reported
for
co
rtisol
binding
in
the
liver
of
brook
trout
(1rD
=
5.6
nM
;
Chakraborti
a
nd
W
eisbart,
1987)
a
nd
n
ot
dissim
ilar
from
that
reported
for
brook
trout
gill
cytosol
(kr,
=
3.2
nM
;
Chakraborti
et
at,
1987),
e
el
a
nd
rainbow
trout
gill
cy-
tosol
(kL,
a
2.8
a
nd
1.4
nM
,
re
spectively;
triam
cinolone
a
cetonide
a
s
ligand;
Sandor
et
al.,
1984),
a
nd
e
el
gut
m
u
co
sa!
cytosol
5.2
nAl:D
iBattista
et
al.,
1984;ko
2.3
nM
,
TA
a
s
ligand;
D
iBattista
e
r
al.,
1983).
Sim
ilarly,
the
m
a
xim
al
binding
ca
-
pacity
determ
ined
for
rainbow
trout
liver
cytosol
in
this
investigation,
200
fm
ol
m
g-
protein,
is
of
the
sa
m
e
o
rder
as
that
deter-
m
ined
in
brook
trout
liver
cytosol
(167
(mol
m
g-1
protein;
Chakraborti
a
nd
W
eisban,
1987),
brook
trout
gill
cytosol
(224
fm
ol
m
g-1
protein;
Chakraborti
et
al.,
1987),
a
nd
rainbow
trout
gill
cytosol
(271
fm
ol
m
g
-I
protein;
Sandor
el
al.,
1984).
Further-
m
o
re
,
the
hierarchy
of
the
ability
of
va
rious
steroids
.to
displace
elficortisol
from
its
bindirv
sites,
dexam
ethasone
>
co
rtisol
>
R
uI8486
>
co
rticosterone
>
11-deoxy-


co
rtisol
>
co
rtisone,
is
sim
ilar
to
those
de-
scribed
for
brook
trout
liver
(Chakraborti
a
nd
W
eisbart
1987),
e
elgill
(Sandor
et
al..
1984),
a
nd
e
elgut
(DiBattista
et
al.,
1983).
The
re
ceptor-like
binding
of
co
rtisol
ob-
se
rved
in
rainbow
trout
liver
in
the
present
investigation
is
likely
to
be
hepatic
in
o
rigin
rather
than
due
to
co
ntam
ination
by
blood
since
plasm
a
w
a
s
n
ot
found
to
bind
ell]cortisol
u
nder
the
a
ssay
co
nditions
e
m
-
ployed
here,
a
nd
w
hole
blood,
although
co
ntaining
high
affinity
co
rtisol-binding
sites,
has
a
kr,
for
co
rtisol
significantly
dif-
ferent
to
that
of
liver
(2.3
cf.
5.1).
Also,
w
hole
blood
cytosol
has
too
few
binding
sites
to
a
cco
u
nt
for
binding
w
ithin
liver
cy-
tosol
at
the
level
of
co
ntam
ination
m
e
a
-
su
red
(I
in
30)
a
nd
n
o
co
rrelation
w
a
s
ob-
se
rved
between
haem
oglobin
co
n
ce
ntration
a
nd
the
n
u
m
ber
of
binding
sites
in
liver
cy-
tosol.
In
addition,
n
o
e
vidence
that
co
rtisol
w
a
s
m
etabolized
to
a
significant
e
xtent
dur-
ing
incubation
w
a
s
found.
It
w
a
s
n
ot
found
possible,
during
the
present
investigation,
to
dem
onstrate
spe-
cific
binding
of
co
rtisol
to
n
u
clear
e
xtracts.
Specific
co
rtisol
binding
w
a
s
absent
from
all
preparative
fractions
e
xcept
cytosol.
Specific
e
stradiol
binding
w
a
s
detected
in
the
sa
m
e
n
u
clear
e
xtracts,
how
ever,
sug-
sin
4"..C•
:147
e
0
1.0
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a
w
a
n
als
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e
n
e
m
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o
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.y.
Binding
specificity
of
rainbow
Cloutliver
tytosol.
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the
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atthe
given
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n
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u
nlabeled
co
m
petitor.
D
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C.
co
rtisone:
B.
co
rticosterone;
E.
<
stadia-170;
1I
-DO
C,
I1-deoxycortiso1;
17111',
17i‘ydroxyprogesterone;
IIKT.
II-
ketotestosterone;
F.
testosterone.
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re
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m
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-b
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di
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s
in
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n
d
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n
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ol
-im
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d
ra
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bo
w
tr
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t.
Th
e
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gr
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si
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, K
a
13
5
—
2.
4
r.
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si
gn
ifi
ca
nt
(P
<
0.
00
1,
n
n
32
).
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O
ni
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o
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O
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1
M
c.
5.
(a)
Pl
as
m
a
co
rt
is
ol
le
ve
ls
in
co
n
fin
ed
(h
atc
he
d
ba
n)
an
d
u
n
co
n
fin
ed
(O
Pe
n
ba
n)
ra
in
bo
w
tr
ou
t
at
ea
ch
o
f
fo
ur
ta
rn
*
tim
es
.
Ea
ch
v
al
ue
is
th
e
m
ea
n
±
SE
M
.
n
w
8.
(b
) M
ax
itn
um
ey
to
so
lic
co
rt
is
ol
-
bi
nd
in
g
ca
pa
ci
ty
in
liv
en
fro
m
co
n
fu
se
d
an
d
u
n
co
n
-
fin
ed
ra
in
bo
w
tr
ou
t
a
2:
SE
M
.
n
n
8).
ge
st
in
g
th
at
pr
ep
ar
at
ive
pr
oc
ed
ur
es
w
e
re
a
de
qu
at
e
to
is
ol
at
e
bi
nd
in
g
pr
ot
ei
ns
,
w
e
re
th
ey
pr
es
en
t.
Se
pa
ra
tio
n
o
f
bo
un
d
a
n
d
u
n
-
bo
un
d
st
er
oi
d
by
LH
-2
0
co
lu
m
ns
co
n
fir
m
ed
th
at
th
e
a
bs
en
ce
o
f
sp
ec
ific
n
u
cl
ea
r
bi
nd
in
g
w
a
s
n
o
t
du
e
si
m
pl
y
to
th
e
u
se
o
f
D
CC
co
u
-
pl
ed
w
ith
hi
gh
sa
lt
co
n
di
tio
ns
.
Cu
rre
nt
ly,
it
is
be
lie
ve
d
th
at
st
er
oi
d
re
ce
pt
or
s
a
pp
ea
r
in
cy
to
so
lic
fra
ct
io
ns
du
e
to
"
le
ac
hi
ng
"
fro
m
n
u
cl
ei
du
rin
g
tis
su
e
pr
ep
ar
at
io
n
(K
ing
,
19
87
).
Si
nc
e
o
cc
u
pi
ed
re
ce
pt
or
s
a
re
be
-
lie
ve
d
to
ha
ve
gr
ea
te
r
a
ffi
ni
ty
fo
r
th
e
n
u
-
cl
eu
s
(M
ou
dg
il,
19
87
),
it
m
ig
ht
be
a
rg
ue
d
th
at
in
'fis
h
w
ith
ve
ry
lo
w
le
ve
ls
o
f
ci
rc
ul
at
-
in
g
co
ril
io
l
a
co
rr
e
sp
on
di
ng
ly
lo
w
le
ve
l
o
f
re
ce
pt
or
o
cc
u
pa
nc
y
a
n
d
he
nc
e
n
u
cl
ea
r
lo
-
ca
lis
at
io
n
w
o
u
ld
be
e
xp
ec
te
d.
H
ow
ev
er
,
n
u
cl
ea
r
bi
nd
in
g
co
u
ld
n
o
t
be
de
m
on
st
ra
te
d
e
ve
n
in
th
os
e
fis
h
fro
m
th
e
co
n
fin
em
en
t
e
x-
pe
rim
en
t,
w
ith
e
le
va
te
d
pl
as
m
a
co
rti
so
l
le
v-
e
ls
.
D
iB
at
tis
ta
et
al
.
(19
83
)
de
m
on
st
ra
te
d
tra
ns
lo
ca
tio
n
o
f
gl
uc
oc
or
tic
oi
d
re
ce
pt
or
-
lig
an
d
co
m
pl
ex
to
ho
m
ol
og
ou
s
n
u
cl
ei
in
v
itr
o,
a
n
d
n
u
cl
ea
r
bi
nd
in
g
in
bo
th
gi
ll
a
n
d
liv
er
o
f
br
oo
k
tro
ut
ha
s
be
en
re
po
rte
d
(C
ha
kra
bo
rti
et
al
.,
19
87
;
Ch
ak
ra
bo
rti
a
n
d
W
ei
sb
ar
t,
19
87
).
H
ow
ev
er
,
in
th
e
la
tte
r
tw
o
in
st
an
ce
s
a
ffi
ni
ty
o
f
th
e
n
u
cl
ea
r
"
re
ce
pt
or
"
fo
r
co
rti
so
l
is
co
n
si
de
ra
bl
y
lo
w
er
th
an
th
at
o
f
cy
to
so
lic
bi
nd
in
g
(liv
er
cy
to
so
l
kp
=
5.
6
n
A
l;
n
u
cl
ea
r
e
xt
ra
ct
,
kr
,
a
30
.3
n
M
:
gi
ll
cy
-
to
so
l
It0
a
3.
2
n
M
,
gi
ll
n
u
cl
ea
r
e
xt
ra
ct
lrD
=
50
.0
n
M
).
In
bo
th
ca
se
s
th
e
a
ffi
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o
f
th
e
n
u
cl
ea
r
e
le
m
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re
se
m
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e
th
os
e
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pi
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l
o
f
a
n
o
n
re
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pt
or
-b
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di
ng
pr
ot
ei
n.
An
in
ab
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y
to
de
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ct
a
n
y
n
u
cl
ea
r
bi
nd
in
g
o
f
co
rti
so
l
in
liv
ec
an
d
in
te
st
in
al
•m
uc
os
a
o
f
ra
in
bo
w
tro
ut
ha
s
be
en
re
po
rte
d
by
Po
rth
e-
N
ib
el
le
a
n
d
La
hl
ou
(19
84
),
bu
t
u
n
fo
rtu
na
te
ly
th
es
e
a
u
-
th
or
s
di
d
n
o
t
si
m
ul
ta
ne
ou
sl
y
m
e
a
su
re
cy
to
-
so
lic
bi
nd
in
g
so
th
e
si
gn
ific
an
ce
o
f
th
ei
r
o
b-
se
rv
a
tio
ns
is
n
o
t
cl
ea
r.
Th
es
e
re
po
rte
d
di
f-
fe
re
nc
es
o
bv
io
us
ly
re
qu
ire
re
so
lu
tio
n.
It
is
po
ss
ib
le
th
at
so
m
e
ch
ar
ac
te
ris
tic
o
f
th
e
ca
r-
tis
ol
-b
in
di
ng
pr
ot
ei
n
le
ad
s
to
a
m
a
jor
re
di
s-
tri
bu
tio
n
o
f
st
er
oi
d-
bi
nd
in
g
m
o
ie
tie
s
du
rin
g
tis
su
e
pr
ep
ar
at
io
n.
H
ow
ev
er
,
if
th
is
is
th
e
ca
se
,
it
is
n
o
t
co
m
m
o
n
to
a
ll
pu
ta
tiv
e
fis
h
re
ce
pt
or
s
si
nc
e
in
th
is
a
n
d
o
th
er
st
ud
ie
s
(La
zie
r
et
al
.,
19
85
) e
st
ro
ge
n
bi
nd
in
g
a
n
d
a
n
dr
og
en
bi
nd
in
g
(P
ott
ing
er,
19
87
,
19
88
)
ha
ve
be
en
lo
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liz
ed
in
th
e
n
u
cl
ea
r
fra
ct
io
n.
A
fu
rth
er
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tiv
e
di
ffe
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e
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n
th
e
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so
l
bi
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g
o
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d
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su
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e
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m
en
t
fo
r
a
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e
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m
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n
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th
e
a
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%
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vo
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m
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a
t
-
70
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d
m
e
a
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ra
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e
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l
bi
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g
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l.
Es
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ge
n
a
n
d
a
n
-
dr
og
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bi
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g
sh
ow
ed
n
o
lo
ss
o
f
a
ct
iv
ity
fo
llo
wi
ng
st
or
ag
e
a
t
lo
w
te
m
pe
ra
tu
re
(P
ot-
-
tin
ge
r,
19
86
,
19
87
).
Pr
ol
on
ge
d
co
n
fin
em
en
t
st
re
ss
a
n
d
a
dm
in
-
is
tra
tio
n
o
f
e
xo
ge
no
us
co
rti
so
l
bo
th
ca
u
se
d
a
m
a
rk
ed
re
du
ct
io
n
in
th
e
n
u
m
be
r
o
f
bi
nd
-
in
g
si
te
s
m
e
a
su
ra
bl
e
in
liv
er
co
rti
so
l
(F
ig.
51
3a
n
d
Fi
g.
6).
W
ei
sb
ar
t
ci
al
.
(19
87
) d
em
-
o
n
st
ra
te
d
a
de
cli
ne
in
th
e
n
u
m
be
r
o
f
gi
ll
cy
-
to
so
l
gl
uc
oc
or
tic
oi
d-
bi
nd
in
g
si
te
s
a
fte
r
bo
th
in
jec
tio
n
o
f
co
rti
so
l
a
n
d
e
le
va
tio
n
o
f
e
n
do
-
ge
no
us
pl
as
m
a
co
rti
so
l
by
se
a
w
a
te
r
tra
ns
-
fe
r.
In
bo
th
ca
se
s,
co
rti
so
l-b
in
di
ng
si
te
s
in
n
u
cl
ea
r
e
xt
ra
ct
s
ro
se
a
s
cy
to
so
l
bi
nd
in
g
de
-
cl
in
ed
,
th
e
da
ta
be
in
g
in
te
rp
re
te
d
a
s
in
di
ca
t-
in
g
a
n
in
cr
ea
se
d
pr
op
or
tio
n
o
f
o
cc
u
pi
ed
re
-
ce
pt
or
re
su
lti
ng
in
a
n
in
cr
ea
se
d
a
ss
o
ci
at
io
n
o
f
re
ce
pt
or
w
ith
th
e
n
u
cl
eu
s.
Th
e
re
su
lts
o
f
th
e
pr
es
en
t
in
ve
st
ig
at
io
n
do
n
o
t
sh
ow
th
is
pa
tte
rn
.
At
n
o
po
in
t
du
rin
g
co
n
fin
em
en
t
o
r
fo
llo
wi
ng
tre
at
m
en
t
w
ith
co
rti
so
l,
w
he
n
co
rti
so
l
le
ve
ls
w
e
re
e
le
va
te
d
a
n
d
cy
to
so
lic
-
bi
nd
in
g
si
te
s
w
e
re
de
pr
es
se
d,
w
a
s
bi
nd
in
g
de
te
ct
ab
le
in
th
e
n
u
cl
eu
s.
Th
er
ef
or
e,
in
th
is
ca
se
,
th
e
lo
ss
o
f
bi
nd
in
g
si
te
s
fro
m
cy
to
so
l,
w
hi
ch
if
a
s
di
sc
us
se
d
a
bo
ve
,
a
cc
o
m
m
o
-
da
te
s
th
e
to
ta
l
po
pu
la
tio
n
o
f
bi
nd
in
g
si
te
s
a
va
ila
bl
e,
m
a
y
re
pr
es
en
t
a
"
do
wn
-re
gu
la
-
tio
n"
o
f
su
ch
si
te
s.
D
ow
n-
re
gu
la
tio
n
o
f g
lu
-
co
co
rti
co
id
re
ce
pt
or
s
by
st
re
ss
o
r
e
xo
ge
-
n
o
u
si
te
ro
id
s
ha
s
be
en
de
sc
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ed
fo
r
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ri-
o
u
s
m
a
m
m
a
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n
sy
st
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s.
Bo
th
re
pe
at
ed
st
re
ss
a
n
d
a
dm
in
ist
ra
tio
n
o
f
e
xo
ge
no
us
co
r-
tic
os
te
ro
ne
do
wn
-re
gu
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d
gl
uc
oc
or
tic
oi
d
re
ce
pt
or
s
in
ra
t
br
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n
(S
ap
ols
ky
es
al
.,
19
84
)
a
n
d
to
ta
l
ce
ll
co
n
te
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o
f
gl
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or
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d
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-
ce
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or
s
w
a
s
re
du
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d
in
hu
m
an
lym
ph
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es
by
de
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m
et
ha
so
ne
a
dm
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ist
ra
tio
n
(S
hip
-
m
a
n
et
al
.,
19
83
).
M
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e
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ce
n
tly
,
de
xa
-
m
e
th
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on
e
ha
s
be
en
sh
ow
n
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re
du
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th
e
n
u
m
be
r
o
f
he
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e
u
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rti
co
id
re
ce
pt
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s
in
m
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e
(S
ve
c,
19
88
).
In
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l
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rm
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-re
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n
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d
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pr
ov
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e
a
m
e
a
n
s
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o
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e
e
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e
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d
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n
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19
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).
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n
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mo
ge
ni
ze
d,
o
n
ic
e,
u
s
in
g
a
n
I
K
A
-
U
lt
ra
T
u
r
r
a
x
(T
18
/1
0)
fo
r
10
s
e
c
o
n
d
bu
rs
ts
,w
it
h
c
o
o
li
ng
be
tw
ee
n
bu
rs
ts
.
H
o
m
o
g
e
n
a
t
e
s
w
e
r
e
de
ca
nt
ed
in
to
c
e
n
t
r
if
ug
et
u
be
sa
n
d
s
p
u
n
a
t
10
00
x
g
fo
r
30
m
in
a
t
11
°C
.t
o
p
r
e
p
a
r
e
a
c
r
u
de
n
u
c
le
ar
p
e
ll
et
.
Su
pe
rn
at
an
t(
cr
ud
ec
yt
os
ol
)w
as
a
s
p
ir
at
ed
in
to
a
c
le
an
t
u
be
.
1I
ua
p
e
ll
et
w
a
s
w
a
s
he
d3
t
im
es
in
20
.0
m
l
bu
ff
er
by
r
e
s
u
s
p
e
n
s
io
n
a
n
d
r
e
c
e
n
t
r
if
ug
at
io
n.t
he
n
25
.0
a
l
e
x
t
r
a
c
t
io
nb
uf
fe
r
(0
.7
M
K
C
L
in
ho
mo
ge
ni
za
ti
on
bu
ff
er
)w
a
s
a
dd
ed
t
o
t
he
p
e
ll
et
w
hi
ch
w
a
s
r
e
s
u
s
p
e
n
de
da
n
d
in
cu
ba
te
da
t
4°
C,
w
it
h
fr
eq
ue
nt
m
ix
in
g
fo
r
1
h.
D
e
x
t
r
a
n-
c
o
a
t
e
dc
ha
rc
oa
l
s
u
s
p
e
n
s
io
n(
DC
C.
1.
25
%
a
c
t
iv
at
ed
c
ho
re
al
.
0.
12
5%
de
xt
ra
n
in
ho
mo
ge
ni
za
ti
on
bu
ff
er
)w
a
s
a
dd
ed
t
o
c
r
u
de
c
y
t
o
s
o
l,
t
o
r
e
m
o
v
e
e
n
do
ge
no
us
s
t
e
r
o
id
s,
in
t
he
r
a
t
io
1
:
1
(v
ol
:
v
o
l)
.
m
ix
ed
a
n
d
I
n
c
u
ba
te
da
t
4°
C
fo
r
45
m
in
,
e
n
d
t
he
n
s
p
u
n
a
t
50
,0
00
g
fo
r
1
h
a
t
4°
C.
I
be
r
e
s
u
lt
in
gc
le
ar
s
u
p
e
r
n
a
t
a
n
tw
a
s
a
s
p
ir
at
ed
in
to
c
le
an
t
u
be
s
a
n
d
s
t
o
r
e
d
a
t
-
70
°C
u
n
t
il
r
e
q
u
ir
ed
fo
r
a
s
s
a
y
.
N
u
c
le
ar
e
x
t
r
a
c
t
s
Is
e
a
0
n
o
n
ins
0
a
n
Su
a
n
o
n
a
a
5
6
w
e
r
e
similarlytreatedwith
D
C
C
.
s
p
u
n
down,
and
s
t
o
r
ed
a
t
-70°C.
a
nd
1000
p
m
ols
of
c
o
m
p
e
titor,for
3
h
a
t
4°C.
Spe
cific
bindingwas
determined
a
s
above.
A
similar
p
r
o
c
edurewas
c
a
r
ried
o
u
t
.for
n
u
clear
e
x
t
r
a
c
t
Quantificationof
s
t
e
r
oidbinding.
The
binding
of
[3H]
e
s
t
r
ediol
t
o
liver
a
nd
plasma.
c
y
t
o
s
oland
n
u
clear,e
x
t
r
a
c
t
w
a
s
q
u
a
n
tifiedby
s
a
t
u
r
a
tion
a
n
alysis.
C
y
t
o
s
ol
Time-course
of
binding
of
13H1
e
s
t
r
adiol.
Aliquots
(200
pl)
of
c
y
t
o
s
ol
o
r
c
o
n
t
aining2.0-5.0
m
g
p
r
o
t
ein
m1-1
w
a
s
incubatedin
duplicate200
pl
aliquots
diluted
plasma
w
e
r
e
incubatedt
o
g
e
therwith
1
p
m
ol
[3H]
e
s
t
r
adiolfor
15
min,
with
100
pl
homogenizationbuffer
c
o
n
t
aining1.5
-
18.0
n
g
[1.
2.
6.
7
-
3H]
30
min.
45
min,
lh,
2h.
3h,
4h,
5h,
6h.
lph.
24h
a
nd
48h
a
t
4°C
both
in
the
e
s
t
r
adiol(106
Ci
m
m
ol-1,
A
m
e
r
sham
I
n
t
e
r
n
a
tional)both
with
a
nd
without
a
p
r
e
s
e
n
c
e
a
nd
absenceof
a
1000-foldexcess
of
inert
e
s
t
r
adiol.
A
t
e
a
ch
time.
1000-folde
x
c
e
s
s
of
inert
c
o
r
tisol.
After
incubationfor
3
h
a
t
4°C.
u
nbound
t
o
t
al
a
nd
n
o
n
-
s
p
e
cificbinding
w
a
s
determined
a
s
described
above.
s
t
e
r
oid
w
a
s
r
e
m
o
v
edby
the
additionto
e
a
ch
t
ube
of
200
pl
D
O
C
.
followedby
Statistical
a
n
alyses.
incubationo
n
ice
for
15
min
(determinedby
p
rior
e
x
p
e
rimentationt
o
be
the
Significanceof
the
r
e
s
ults
w
a
s
a
s
s
e
s
s
ed
u
sing
a
n
u
n
p
o
oled
t
-
t
e
s
t
(Minitab).
o
p
timalincubationp
e
riod)
a
nd
c
e
n
t
rifugationa
t
1000
g
for
5
min
a
t
4°C.
R
e
s
ults
a
r
e
e
x
p
r
e
s
s
ed
a
s
m
e
a
n
•
s
t
a
ndard
e
r
r
o
r
of
the
m
e
a
n
(SEM)
Aliquots
of
s
u
p
e
r
n
a
t
a
n
tw
e
r
e
r
e
m
o
v
ed,
added
t
o
5.0
ml
U
nisolve
1
s
cintillant
(Koch-Light)in
a
vial
a
nd
c
o
u
n
t
ed
u
nder
s
t
a
ndard
t
ritium
c
o
nditions.
Specific
binding
w
a
s
c
alculatedfrom
t
o
t
al
a
nd
n
o
n
-
s
p
e
cificbinding
a
nd
the
e
q
uilibrium
dissociationc
o
n
s
t
a
n
t
(kb)
a
nd
m
a
ximum
n
u
mber
of
binding
sites
(Minx)
w
e
r
e
c
alculateda
c
c
o
rding
t
o
Sc
at
chard(1949).
The
a
s
s
a
y
p
r
o
c
edure
w
a
s
identical
for
n
u
clear
e
x
t
r
a
c
t
s
.
Plasma
bindingwas
a
s
s
e
s
s
ed
u
sing
the
s
a
m
e
p
r
o
t
o
c
olbut
firstdiluting
plasma
1
:
10
with
homogenizationbuffer.
D
u
ring
the
a
s
s
a
y
s
a
m
ples
w
e
r
e
incubatedfor
2
h
a
t
4°C
a
nd
for
10
min
with
D
C
C
.
P
r
o
t
eindetermination.
P
r
o
t
ein
c
o
n
c
e
n
t
r
a
tionin
the
v
a
rious
p
r
e
p
a
r
a
tionsw
a
s
determinedby
the
m
e
thod
of
Ohnishi
a
nd
B
a
r
r
(1978).
C
o
r
tisol
r
adiommunoassay.Plasma
c
o
r
tisollevels
w
e
r
e
determined
a
c
c
o
rdingt
o
m
e
thodologyin
Pickering
e
t
al.
(1987).
E
s
t
r
adiolr
adioimmunoassay.E
s
t
r
adiollevels
in
plasma
w
e
r
e
determined
u
sing
the
a
s
s
a
y
p
r
o
t
o
c
oldescribedby
P
o
t
tinger
a
nd
Pickering(1985)
for
a
ndrogens,
but
o
mitting
the
T
L
C
s
t
a
g
e
a
nd
e
m
ploying
a
n
a
n
tiserum
s
u
p
pliedby
D
r
.
Z
.
Y
a
r
o
n
(Tel
A
viv).
F
o
r
details
of
c
r
o
s
s
-
r
e
a
c
tivitiess
e
e
D
o
g
o
m
olnaya
a
nd
Y
a
r
o
n
(1984).
Sp
ecificityof
binding
of
iHi
e
s
t
r
ediol.
Aliquots
(200
pl)
of
cytosol
w
e
r
e
incubatedin
t
riplicatet
o
g
e
ther
with
1
p
o
ol
[3H]
e
s
t
r
edioland
O
.
1,
10.
100
m
im
a
n
o
m
S
n
o
o
n
o
a
is
a
a
10
ta
ll
a
a
7
8
R
E
SU
LT
S
s
it
es
a
t
2
w
e
e
ks
p
o
s
t
-
I
m
p
la
nt
at
io
n(4
37
•
21
v
.
54
0
•
20
n
o
e
l
m
g
-
1
p
r
o
t
e
in
.P
R
a
in
bo
w
t
r
o
u
t
li
ve
r
n
u
c
le
ar
e
x
t
r
a
c
t
,
c
y
t
o
s
o
l
a
n
d
r
a
in
bo
w
t
r
o
u
t
p
la
sm
a
w
e
r
e
a
ll
<
0.
01
)a
lt
ho
ug
hn
o
di
ff
er
en
ce
w
a
s
a
p
p
a
r
e
n
ta
t
4
w
e
e
ks
(F
ig
.
7a
).
P
la
sm
a
fo
un
d
t
o
bi
nd
[3
H)
e
s
t
r
a
di
ol
wi
th
hi
gh
a
ff
in
it
y
a
n
d
li
mi
te
dc
a
p
a
c
it
y
(n
uc
le
ar
p
r
o
t
e
in
co
nc
en
tr
at
io
nw
a
s
a
ls
o
in
cr
ea
se
ds
ig
ni
fi
ca
nt
ly
in
c
o
r
t
is
ol
-t
re
at
edf
is
h
e
x
t
r
a
c
t
.
kr
,•
2.
2
•
0.
5
n
M
,
N
m
a
x
=
54
•
9
fm
ol
m
g
p
r
o
t
e
in
-
1;
c
y
t
o
s
o
l,
a
t
2
w
e
e
ks
p
o
s
t
-
im
pl
an
ta
ti
on
(5
9.
9•
1.
6
v
.
64
.7
•
0.
8
m
g
m
1-
1,
p
<
0.
05
).
kr
)•
4.
2
•
0.
8.
N
m
a
x
•
83
•
9;
p
la
sm
a,
ko
•
16
.8
•
1.
3.
N
m
a
x
•
21
36
•
ho
we
ve
r,
th
is
di
ff
er
en
ce
ha
d
di
sa
pp
ea
re
db
y
4
w
e
e
ks
p
o
s
t
-
im
pl
an
ta
ti
on
.T
he
13
8;
n
•
4
-
8)
.T
yp
ic
al
Sc
at
c
ha
rd
p
lo
ts
fo
r
e
a
c
h
fr
ac
ti
on
a
r
e
p
r
e
s
e
n
t
e
di
n
in
cr
ea
se
in
c
o
n
c
e
n
t
r
a
t
io
no
f
p
la
sm
ab
in
di
ng
s
it
es
c
o
u
p
le
d
w
it
h
e
le
va
ti
on
in
t
he
F
ig
.
1.
.
B
in
di
ng
o
f
e
s
t
r
a
di
ol
t
o
n
u
c
le
ar
e
x
t
r
a
c
t
a
n
d
c
y
t
o
s
o
l
s
ho
we
d
id
en
ti
ca
l
p
la
sm
a
p
r
o
t
e
in
le
ve
ls
r
e
s
u
lt
ed
in
a
s
ig
ni
fi
ca
nt
in
cr
ea
se
in
t
he
t
o
t
a
l
p
la
sm
a
s
p
e
c
if
ic
it
y.
[3
H
]
e
s
t
r
a
di
ol
be
in
g
di
sp
la
ce
do
n
ly
by
e
s
t
r
a
di
ol
an
d
e
s
t
r
o
n
e
bu
t
n
o
t
by
t
e
s
t
o
s
t
e
r
o
n
e
.1
1-
ke
to
te
st
os
te
ro
ne
.c
o
r
t
is
ol
o
r
17
a,
20
a
-
di
hy
dr
ox
y
p
r
o
g
e
s
t
e
r
o
n
e
(F
ig
.2
a.
b)
.
Sp
ec
if
ic
it
yo
f
p
la
sm
a
bi
nd
in
g
w
a
s
n
o
t
a
bl
y
di
ff
er
en
t.
B
o
u
n
d
(3
H)
e
s
t
r
a
di
ol
wa
s
di
sp
la
ce
d
by
e
s
t
r
a
di
ol
.t
es
to
st
er
on
ea
n
d
11
-k
et
ot
es
to
st
er
on
e(
Fi
g.
2c
).
T
he
s
t
a
bi
li
ty
o
f
s
p
e
c
if
ic
al
ly
bo
un
d
[3
H
]
e
s
t
r
a
di
ol
a
ls
o
v
a
r
ie
d.
B
in
di
ng
o
f
[3
H]
e
s
t
r
a
di
ol
t
o
c
y
t
o
s
o
l
w
a
s
r
e
la
ti
ve
ly
s
t
a
bl
e
fo
r
24
h,
de
cl
in
in
go
n
ly
g
r
a
du
al
ly
be
tw
ee
n
24
-
48
h
(F
ig
.3
a)
w
he
re
as
bi
nd
in
g
o
f
[3
H]
e
s
t
r
a
di
ol
t
o
p
la
sm
a
w
a
s
le
ss
s
t
a
bl
e,
de
cl
in
in
gw
it
hi
n
2h
o
f
t
he
o
n
s
e
t
o
f
in
cu
ba
ti
on
(F
ig
.
lb
).
P
la
sm
a
c
o
r
t
is
ol
le
ve
ls
in
im
pl
an
te
d
fi
sh
w
e
r
e
s
ig
ni
fi
ca
nt
ly
hi
gh
er
t
ha
n
t
ho
se
in
s
ha
m-
im
pl
an
te
df
is
h
a
t
2
w
e
e
ks
(1
6.
3
•
2.
1
v
.
4.
2
±
0.
9
n
g
m
1-
1,
p
(0
.0
01
)
t
ho
ug
h
by
4
w
e
e
ks
t
he
di
ff
er
en
ce
w
a
s
n
o
lo
ng
er
s
ig
ni
fi
ca
nt
(F
ig
.
4)
.
T
he
c
o
n
c
e
n
t
r
a
t
io
no
f
he
pa
ti
c
c
y
t
o
s
o
l
e
s
t
r
a
di
ol
-b
in
di
ng
s
it
es
w
a
s
s
ig
ni
fi
ca
nt
ly
lo
we
r
in
c
o
r
t
is
ol
im
pl
an
te
df
is
h
t
ha
n
c
o
n
t
r
o
l
fi
sh
a
t
bo
th
2
w
e
e
ks
(1
12
•
6
v
.
91
•
4
fo
ol
m
g
-
1
p
r
o
t
e
in
.
p
<
0.
01
)
a
n
d
4
w
e
e
ks
p
o
s
t
-
im
pl
an
ta
ti
on
(1
16
±
7
v
.
75
•
5
fm
ol
m
g
-
1p
r
o
t
e
in
.p
<
0.
00
1)
(F
ig
.
5)
.
T
he
re
w
a
s
n
o
s
ig
ni
fi
ca
nt
di
ff
er
en
ce
in
t
he
n
u
m
be
r
o
f
n
u
c
le
ar
e
s
t
r
a
di
ol
-b
in
di
ng
s
it
es
a
t
2
w
e
e
ks
p
o
s
t
-
im
pl
an
ta
ti
on
bu
t
a
ft
er
4
w
e
e
ks
t
he
re
w
e
r
e
s
ig
ni
fi
ca
nt
ly
fe
we
r
in
t
he
c
o
r
t
is
ol
im
pl
an
te
df
is
h
(6
4
6
fm
ol
m
g
-
1
p
r
o
t
e
in
)
t
ha
n
c
o
n
t
r
o
l
fi
sh
(9
0
•
7
fo
ol
m
g
-
1
p
r
o
t
e
in
.p
<
0.
01
)
(F
ig
.
5)
.
R
e
g
r
e
s
s
io
na
n
a
ly
si
so
f
a
ll
t
he
da
ta
r
e
v
e
a
le
Aa
s
ig
ni
fi
ca
nt
(p
<
0.
00
1)
in
ve
rs
e
r
e
la
ti
on
sh
ip
be
tw
ee
n
p
la
sm
a
c
o
r
t
is
ol
le
ve
l
a
n
d
t
he
n
u
m
be
r
o
f
c
y
t
O
s
o
li
ce
s
t
r
a
di
ol
-b
in
di
ng
s
it
es
(F
ig
.6
).
C
o
r
t
is
ol
t
r
e
a
t
m
e
n
ta
ls
o
s
ig
ni
fi
ca
nt
ly
in
cr
ea
se
d
t
he
n
u
m
be
r
o
f
p
la
sm
a
e
s
t
r
a
di
ol
-b
in
di
ng

e
s
t
r
a
di
ol
-b
in
di
ngc
a
p
a
c
it
y
a
t
2
w
e
e
ks
p
o
s
t
-
im
pl
an
ta
ti
on
(2
6.
3
•
1.
5
v
.
34
.9
•
1.
9
p
o
o
lm
l-
1
p
(0
.0
01
)(
Fi
g.
7b
).
P
la
sm
a
e
s
t
r
a
di
ol
le
ve
ls
di
d
n
o
t
di
ff
er
s
ig
ni
fi
ca
nt
ly
be
tw
ee
n
c
o
n
t
r
o
l
a
n
d
im
pl
an
te
df
is
h
a
t
2
w
e
e
ks
(1
.0
•
0.
1
v
.
1.
2
•
0.
1
n
g
m
1-
1)
o
r
4
w
e
e
ks
p
o
s
t
-
im
pl
an
ta
ti
on
(1
.1
•
0.
2
v
.
0.
9
•
0.
1
n
g
m
1-
1)
.
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M
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D
ISCUSSION
E
s
t
r
o
g
e
n
r
e
c
e
p
t
o
r
shave
been
identifieda
nd
characterizedin
a
r
a
n
g
e
of
t
eleost
s
p
e
ciesincludingthe
winter
flounder.P
s
e
udopleuronectesA
m
e
ricanus(Sloop
e
c
el.
1984),
black
g
oby.
G
obius
niger
(Le
M
e
n
n
e
t
al,
1980),
A
tlanticsalmon,
Salmo
s
olar
(Lazier
e
t
al,
1985).
brown
t
r
o
u
t
.Salmo
t
r
u
t
t
a
(Pottinger.1986)
a
nd
brook
t
r
o
u
t
,
Salvelinusfontinalis
 (McPhersonet
al..
1988).
ihe
binding
of
e
s
t
r
adiolto
c
o
m
p
o
n
e
n
t
sof
r
ainbow
t
r
o
u
t
liver
c
y
t
o
s
ol
a
nd
n
u
clearextract
is
similar
in
characterto
that
r
e
p
o
r
t
edfor
o
ther
s
p
e
cies.
E
s
t
r
adiolis
bound
with
high
affinity
t
o
c
y
t
o
s
ol(kErelln
M)
e
nd
n
u
clear
e
x
t
r
a
c
t
(kEr-2
n
M)
a
nd
with
limitedcapacityin
both
c
a
s
e
s
(Motor50
-
100
fmol
m
g
-1
p
r
o
t
ein).
Bindingwas
highly
s
p
e
cificfor
e
s
t
r
adiolin
both
c
y
t
o
s
ol
a
nd
n
u
clear
e
x
t
r
a
c
t
.
Of
the
s
t
e
r
oids
t
e
s
t
edonly
e
s
t
r
o
n
e
c
o
m
p
e
t
ed
t
o
a
n
y
degree.
T
o
e
n
s
u
r
e
that
the
binding
sites
m
e
a
s
u
r
edin
liver
p
r
e
p
a
r
a
tionsw
e
r
e
hepatic
in
o
rigin.
e
s
t
r
adiol
bindingin
plasma
w
a
s
also
p
a
r
tially
characterized.
The
e
q
uilibrium
dissociationc
o
n
s
t
a
n
t(kc•17
n
M)
a
nd
binding
c
a
p
a
city
(0.5
-
2.0
p
m
ol
m
g
-1
p
r
o
t
ein)determinedfor
e
s
t
r
adiolin
r
ainbow
t
r
o
u
t
plasma
also
r
e
s
e
mblethose
P
r
e
viously
r
e
p
o
r
t
edfor
s
almonids(Lazier
e
t
al.
1985;
P
o
t
tinger.1986).
F
u
r
thermore,the
fact
that
the
a
ndrogenst
e
s
t
o
s
t
e
r
o
n
ea
nd
11-ketotestosterone
c
o
m
p
e
t
e
s
u
c
c
e
s
sfullywith
e
s
t
r
adiolfor
binding
sites
in
plasma,
in
c
o
n
t
r
a
s
t
t
o
the
liver
p
r
e
p
a
r
a
tions,s
u
g
g
e
s
t
s
that
the
binding
of
e
s
t
r
adiolmeasuredin
plasma
c
a
n
be
a
t
t
ributedt
o
the
distinct
s
e
x
hormone
binding
p
r
o
t
ein
p
r
e
viously
identifiedin
r
ainbow
t
r
o
u
t
(Fostier
a
nd
B
r
e
t
o
n
,
1975).
Plasma
bindingwas
found
t
o
be
c
o
n
siderablyless
s
t
able
than
c
y
t
o
s
olicbinding.
I
n
s
t
abilityof
s
t
e
r
oid-proteininteractionhas
also
been
observed
in
g
oldfishplasma
(Pasmanik
a
nd
C
allard.1986).
I
m
plantationwith
c
o
r
tisol-containingco
c
o
a
butter
p
ellets
w
a
s
s
u
c
c
e
s
sful
in
m
aintainingelevatedlevels
of
c
o
r
tisolin
the
plasma
of
t
r
e
a
t
edfish
for
betweenland
4
w
e
eks.
Althoughlow
(
n
g
lawl)
these
levels
e
r
e

similar
t
o
those
observedin
chronicallys
t
r
e
s
s
edsalmonids
(Pickeringe
t
al,
1987;
Pickering
a
nd
P
o
t
tinger.1989)
a
nd
closely
r
e
s
e
mble
the
levelsobserved
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by
C
a
r
r
a
gher
e
t
al.
(1989)
in
r
ainbow
t
r
o
u
t
implanted
a
t
a
similar
dosage.
Differencesbetween
the
t
r
e
a
t
ed
a
nd
u
n
t
r
e
a
t
ed
fish,
in
t
e
r
m
s
of
both
hepatic
(cytosol
a
nd
n
u
clear)
a
nd
plasma
e
s
t
r
adiol-bindingc
a
p
a
city,
w
e
r
e
observed.
The
n
u
mber
of
c
y
t
o
s
olicbinding
sites
w
a
s
significantly
r
educed
a
t
both
2
a
nd
4
w
e
eks
p
o
s
t
-
I
m
plantation,a
nd
significantlyfewer
binding
sites
w
e
r
e
p
r
e
s
e
n
t
in
n
u
clear
e
x
t
r
a
c
t
s
of
fish
t
r
e
a
t
ed
with
c
o
r
tisol
for
4
w
e
eks
than
in
the
c
o
r
r
e
s
p
o
ndingc
o
n
t
r
ols.
O
v
e
r
all,
there
w
a
s
a
significantinverse
r
elationship
between
plasma
c
o
r
tisollevels
a
nd
the
n
u
mber
of
c
y
t
o
s
olic
binding
sites.
Since
c
o
r
tisoldoes
n
o
t
c
o
m
p
e
t
e
with
e
s
t
r
adiol
for
binding-sites(see
Fig.
2)
a
nd,
furthermore,all
fractionswere
t
r
e
a
t
ed
with
D
C
C
p
rior
t
o
a
s
s
a
y
,
the
r
e
s
ultsstrongly
s
u
g
g
e
s
t
that
p
r
olonged
elevation
of
plasma
c
o
r
tisol
levels
is
c
a
p
able
of
c
a
u
singa
r
eductionin
the
n
u
mber
of
e
s
t
r
adiol
r
e
c
e
p
t
o
r
s
within
the
liver
of
r
ainbow
t
r
o
u
t
.
A
p
o
sitive
r
elationshipis
known
t
o
e
xist
between
e
s
t
r
adiollevel
a
nd
n
u
mber
of
hepatic
binding
sites
in
s
almonidsboth
in
vivo
(Lazier
e
t
al.,
1985)
a
nd
in
vitro
(Mommsen
a
nd
L
a
zier,
1986).
C
o
r
tisol
is
known
t
o
s
u
p
p
r
e
s
splasma
e
s
t
r
adiol
levels
in
m
a
t
u
r
e
female
s
almonids
(Carragher
e
t
al.,
1989)
a
nd,
thereforethe
p
r
e
s
e
n
t
s
t
udy
w
a
s
c
a
r
ried
o
u
t
with
immature
female
t
r
o
u
t
,
with
low
plasma
e
s
t
r
adiol
levels,
t
o
a
v
oid
a
p
o
t
e
n
tially
c
o
nfoundingeffect
of
c
o
r
tisol
o
n
o
v
a
rian
s
t
e
r
oid
s
e
c
r
e
tion.
N
o
significant
differencein
plasma
e
s
t
r
adiol
levels
c
o
uld
be
demonstratedbetween
g
r
o
u
p
s
of
fish
in
the
p
r
e
s
e
n
t
s
t
udy.
Whether
these
r
e
s
ults
indicated
that
chronic
s
t
r
e
s
s
impairs
the
ability
of
the
liver
t
o
r
e
s
p
o
nd
t
o
e
s
t
r
adiol
r
e
m
ains
t
o
be
s
e
e
n
,
but
I
t
is
of
interestthat
w
e
have
p
r
e
viously
observed
a
s
u
p
p
r
e
s
sionof
plasma
vitellogeninlevels
in
immature
female
r
ainbow
t
r
o
u
t
,
t
r
e
a
t
ed
with
c
o
r
tisol,
despite
there
being
n
o
discernible
effect
o
n
plasma
e
s
t
r
adiol
levels
(Carragher
e
t
al.
1989).
I
t
might
be
p
o
s
t
ulated
that
the
low
levels
of
e
s
t
r
adiol
P
r
e
s
e
n
t
in
I
m
m
a
t
u
r
e fish
a
r
e
s
till
s
ufficient
t
o
p
r
o
m
o
t
e
vitellogenesis,
albeit
e
t
a
v
e
r
y
low
level,
a
nd
that
a
c
o
r
tisol
-induced
r
eductionin
hepatic
r
e
c
e
p
t
o
r
c
o
m
plementis
r
eflectedin
the
r
educed
plasma
vitellogeninlevels.
The
r
e
s
ultsreportedhere
a
r
e
n
o
t
without
p
r
e
c
edent.
I
n
r
a
t
a
,
injection
of
the
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fo
un
d
in
c
hr
on
ic
al
ly
s
t
r
e
s
s
e
d
fi
sh
.
I
n
c
o
r
t
is
ol
-t
re
at
ed
fi
sh
t
he
n
u
m
be
r
o
f
he
pa
ti
c
e
s
t
r
a
di
ol
r
e
c
e
p
t
o
r
sw
a
s
s
ig
ni
fi
ca
nt
ly
r
e
du
ce
de
n
d
t
he
p
la
sm
a
e
s
t
r
a
di
ol
-b
in
di
ngc
a
p
a
c
it
yw
a
s
s
ig
ni
fi
ca
nt
ly
in
cr
ea
se
d.
T
he
se
r
e
s
u
lt
si
nd
ic
at
e
a
fu
rt
he
rm
ec
ha
ni
sm
by
w
hi
ch
c
o
m
p
o
n
e
n
t
so
f
t
he
r
e
p
r
o
du
ct
iv
es
y
s
t
e
m
in
fi
sh
m
a
y
be
s
u
p
p
r
e
s
s
e
dd
ur
in
g
p
e
r
io
ds
o
f
s
t
r
e
s
s
.
11
c
o
r
t
ic
os
te
ri
cd
a
g
o
n
is
t
de
xa
me
th
as
om
es
ig
ni
fi
ca
nt
ly
r
e
du
ce
d
t
he
n
u
m
be
r
o
f
u
t
e
r
in
e
n
u
c
le
ar
e
s
t
r
e
di
ol
r
e
c
e
p
t
o
r
s
(C
am
pb
el
l,
19
78
).
a
n
d
c
o
r
t
is
ol
t
r
e
a
t
m
e
n
t
a
ls
o
s
ig
ni
fi
ca
nt
ly
r
e
du
ce
d
t
he
n
u
m
be
r
o
f
c
y
t
o
s
o
li
c
e
s
t
r
o
g
e
n
r
e
c
e
p
t
o
r
s
in
t
he
u
t
e
r
u
s
o
f
e
w
e
s
,
w
hi
le
a
dr
en
al
ec
to
my
in
cr
ea
se
d
r
e
c
e
p
t
o
r
n
u
m
be
r
(A
tk
in
so
na
n
d
A
da
ms
,
19
88
).
I
n
a
dd
it
io
n
t
o
a
n
e
ff
ec
t
o
n
he
pa
ti
c
e
s
t
r
a
di
ol
r
e
c
e
p
t
o
r
n
u
m
be
r,
c
o
r
t
is
ol
a
dm
in
is
tr
at
io
na
ls
o
c
a
u
s
e
d
a
s
ig
ni
fi
ca
nt
in
cr
ea
se
in
p
la
sm
a
e
s
t
r
a
di
ol
-b
in
di
ng
c
a
p
a
c
it
y.
T
hi
s
di
ff
er
en
ce
in
bi
nd
in
g
c
a
p
a
c
it
y
w
a
s
a
p
p
a
r
e
n
t
a
ft
er
2
w
e
e
ks
o
f
c
o
r
t
is
ol
t
r
e
a
t
m
e
n
t
bu
t
w
a
s
lo
st
by
4
w
e
e
ks
,
p
o
s
s
ib
ly
r
e
fl
ec
ti
ng
a
de
cl
in
e
in
t
he
e
ff
ic
ie
nc
y
o
f
t
he
im
pl
an
t
o
v
e
r
t
hi
s
la
tt
er
p
e
r
io
d.
T
he
in
cr
ea
se
a
r
o
s
e
be
ca
us
e
o
f
e
n
e
le
va
ti
on
in
t
he
n
u
m
be
r
o
f
bi
nd
in
g
s
it
es
p
e
r
u
n
it
o
f
p
r
o
t
e
in
,
p
o
t
e
n
t
ia
te
d
by
a
r
is
e
I
n
p
la
sm
a
p
r
o
t
e
in
c
o
n
c
e
n
t
r
a
t
io
n.
A
lt
ho
ug
h
p
la
sm
a
s
e
x
-
ho
rm
on
e
bi
nd
in
g
p
r
o
t
e
in
s
ha
ve
be
en
id
en
ti
fi
ed
in
a
n
u
m
be
r
o
f
t
e
le
os
t
s
p
e
c
ie
s
(C
al
la
rd
an
d
C
o
ll
ar
d,
19
87
)
t
he
re
is
li
tt
le
in
fo
rm
at
io
no
n
n
a
t
u
r
a
l
c
ha
ng
es
in
a
bu
nd
an
ce
,o
r
r
e
g
u
la
ti
on
,o
f
s
u
c
h
p
r
o
t
e
in
s.
I
n
g
o
ld
fi
sh
,s
e
r
u
m
s
e
x
ho
rm
on
e
bi
nd
in
g
p
r
o
t
e
in
le
ve
ls
s
ho
w
n
o
s
e
a
s
o
n
a
l
di
ff
er
en
ce
s
(P
as
ma
ni
ka
n
d
C
a
ll
er
&
19
86
)
w
he
re
as
in
br
ow
n
t
r
o
u
t
a
di
st
in
ct
s
e
a
s
o
n
a
l
p
a
t
t
e
r
n
in
p
la
sm
a
a
n
dr
og
en
-b
in
di
ng
c
a
p
a
c
it
y
ha
s
be
en
r
e
p
o
r
t
e
d
(P
ot
ti
ng
er
,1
98
8)
.
Su
ch
p
r
o
t
e
in
s
a
r
e
be
li
ev
ed
t
o
be
in
vo
lv
ed
in
t
he
t
r
a
n
s
p
o
r
t
o
f
s
t
e
r
o
id
s,
a
n
d
p
o
s
s
ib
ly
t
he
ir
p
r
o
t
e
c
t
io
n
fr
om
c
le
ar
an
ce
(M
ar
ti
n,
19
80
),
bu
t
m
a
y
a
ls
o
ha
ve
a
r
e
g
u
la
to
ry
•

fu
nc
ti
on
.
F
o
r
e
x
a
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p
le
,
t
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in
du
ct
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n
o
f
m
a
t
u
r
a
t
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n
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t
r
o
u
t
o
o
c
y
t
e
s
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I
la
t.
20
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p
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t
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s
a
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a
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o
n
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t
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o
f
p
it
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ta
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lu
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gh
or
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r
e
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e
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e
s
t
r
a
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r
a
t
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(M
ol
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n
d
R
o
s
e
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I
t
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u
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u
t
,
Salmo
t
r
u
t
t
a
,
a
r
e
s
ubjected
t
o
o
v
e
r
c
r
o
wding,blood
c
o
r
tisol
levels
w
e
r
e
elevated
for
a
t
least
25
days
before
a
c
climation
ultimately
o
c
c
u
r
r
ed.
I
n
a
m
o
r
e
e
x
t
r
e
m
e
e
x
a
m
ple,
c
o
r
tisol
levels
in
the
brook
t
r
o
u
t
,
Salvelinus
fontinalis,may
be
s
till
elevated
6
m
o
n
ths
after
e
x
p
o
s
u
r
e
t
o
loW
p
H
(Tam
e
t
al.,
1987).
E
v
e
n
in
chron-
ically-stressedfish
whose
plasma
c
o
r
tisol
levels
have
r
e
t
u
r
-
n
ed
t
o
basal
v
alues
(ie.
a
c
climated
fish),
r
e
c
e
n
t
e
vidence
s
u
g
g
e
s
t
s
that
the
kinetics
of
c
o
r
tisol
s
e
c
r
e
tion
a
nd
clear-
a
n
c
e
m
a
y
be
m
a
rkedly
altered
(Redding
e
t
al.,
1984a;
B
alm,
1986)
a
nd
the
n
u
mber
of
c
o
r
tisol
r
e
c
e
p
t
o
r
s
in
the
t
a
r
g
e
t
tissues
m
a
y
also
be
significantlydecreased
in
chronically-
s
t
r
e
s
s
ed
fish
(T.G.
P
o
t
tinger,
u
n
p
ublished).
The
c
a
t
abolic
a
c
tion
of
c
o
r
tisol
is
r
e
s
p
o
n
sible
for
the
m
obilisation
of
e
n
e
r
g
y
r
e
s
e
r
v
e
s
(gluconeogenesis,lipolysis;
s
e
e
L
e
a
ch
a
nd
T
a
ylor,
1982;
Sheridan,
1986),
p
r
e
s
u
m
ably
of
adaptive
v
alue
t
o
a
s
t
r
e
s
s
ed
fish
whose
immediate
c
o
n
c
e
r
n
is
t
o
a
v
oid
o
r
o
v
e
r
c
o
m
e
the
immediate
threat.
H
o
w
e
v
e
r
,
the
n
e
t
effect
of
this
c
a
t
abolism
is
a
r
eduction
in
the
g
r
o
w
th
r
a
t
e
.
I
ndeed,
c
o
r
tisol
t
r
e
a
t
m
e
n
t
c
a
u
s
e
s
a
clear
s
u
p
p
r
e
s
sion
of
s
o
m
a
tic
g
r
o
w
th
in
the
r
ainbow
t
r
o
u
t
,
Sahno
g
airdneri
(Barton
e
t
al.,
1987)
a
nd
in
the
channel
c
a
tfish,
I
c
t
alurus
p
u
n
c
t
a
t
u
s
 
(Davis
e
t
al.,
1985).
Thus,
the
elevation
of
blood
c
o
r
tisol
levels
in
s
t
r
e
s
s
ed
fish
is
u
ndoubtedly
r
e
s
p
o
n
sible
for
s
o
m
e
of
the
oh-servedg
r
o
w
th
s
u
p
p
r
e
s
sion.
0
0
11
11
11
.1
1
10
M
IS
11
10
M
S
11
11
3
4
T
H
E
G
O
N
A
D
A
L
ST
ER
OI
DS
T
he
a
n
dr
og
en
s
t
e
s
t
o
s
t
e
r
o
n
e
a
n
d
11
-k
et
ot
es
to
st
er
on
ea
c
t
a
s
p
o
t
e
n
t
g
r
o
w
t
h
p
r
o
m
o
t
e
r
s
w
he
n
a
dm
in
is
te
re
d
t
o
s
e
x
u
a
ll
y
im
ma
tu
re
fi
sh
(M
cB
ri
de
a
n
d
F
a
g
e
r
lu
nd
,
19
76
),
a
lt
ho
ug
h
t
he
s
it
ua
ti
on
w
it
h
t
he
o
e
s
t
r
o
g
e
n
s
is
n
o
t
a
s
c
le
ar
.
T
he
s
y
n
t
he
-
t
ic
o
e
s
t
r
o
g
e
n
di
et
hy
ls
ti
lb
oe
st
ro
li
s
a
n
a
bo
li
c
in
t
he
p
la
ic
e,
P
le
ur
on
ec
te
s
p
la
te
ss
a
(C
ov
ey
a
n
d
Sa
rg
en
t.
19
72
),
bu
t
li
tt
le
is
kn
ow
n
a
bo
ut
t
he
p
o
t
e
n
t
ia
l
a
n
a
bo
li
c
e
ff
ec
ts
o
f
t
he
n
a
t
u
r
a
l
ho
rm
on
e,
o
e
s
t
r
a
di
ol
.
D
u
r
in
g
s
e
x
u
a
l
m
a
t
u
r
a
t
io
n,
bo
th
m
a
le
a
n
d
fe
ma
le
s
a
lm
on
id
fi
sh
ha
ve
e
le
va
te
d
p
la
sm
a
le
ve
ls
o
f
t
e
s
t
o
s
t
e
r
o
n
e
a
n
d
t
he
o
bs
er
ve
d
a
c
c
e
le
ra
ti
on
o
f
g
r
o
w
t
h
du
ri
ng
t
he
e
a
r
ly
p
ha
se
s
o
f
s
e
x
u
a
l
de
ve
lo
pm
en
t
m
a
y
be
de
pe
nd
en
t
u
p
o
n
s
u
c
h
s
t
e
r
o
id
s.
T
he
s
t
r
e
s
s
o
f
ha
nd
li
ng
,
fo
ll
ow
ed
by
1
ho
ur
's
c
o
n
fi
ne
-
m
e
n
t
in
s
m
a
ll
a
q
u
a
r
ia
,
w
a
s
s
u
ff
ic
ie
nt
t
o
s
u
p
p
r
e
s
s
,
t
e
m
p
o
r
a
r
-
il
y,
bo
th
t
e
s
t
o
s
t
e
r
o
n
e
a
n
d
11
-k
et
ot
es
to
st
er
on
el
ev
el
s
in
t
he
bl
oo
d
o
f
s
e
x
u
a
ll
y
m
a
t
u
r
in
g
br
ow
n
t
r
o
u
t
(P
ic
ke
ri
ng
e
t
a
l.
,
19
87
).
T
he
c
o
n
c
e
n
t
r
a
t
io
ns
of
bo
th
ho
rm
on
es
r
e
t
u
r
n
e
d
t
o
'
p
r
e
-
s
t
r
e
s
s
e
d
le
ve
ls
w
it
hi
n
24
ho
ur
s.
Su
pp
re
ss
io
n
o
f
t
he
p
la
sm
a
le
ve
ls
o
f
t
he
s
a
m
e
t
<
ha
a
n
di
og
en
s
in
c
hr
on
ic
al
ly
c
o
n
fi
ne
d
t
r
o
u
t
w
a
s
s
t
il
l
e
v
id
en
t
1
m
o
n
t
h
a
ft
er
t
he
o
n
s
e
t
o
f
t
he
s
t
r
e
s
s
(P
ic
ke
ri
ng
e
t
a
l.
,
19
87
).
M
o
r
e
o
v
e
r
,
im
pl
an
ta
ti
on
of
c
o
r
t
is
ol
(a
t
p
hy
si
ol
og
ic
al
do
se
s)
w
a
s
s
u
ff
ic
ie
nt
t
o
s
u
p
p
r
e
s
s
t
he
,
p
it
ui
ta
ry
-g
on
ad
al
a
x
is
o
f
o
t
he
rw
is
e
u
n
s
t
r
e
s
s
e
d,
s
e
x
u
a
ll
y
m
a
t
u
r
in
g,
br
ow
n
t
r
o
u
t
a
n
d
r
a
in
bo
w
t
r
o
u
t
o
f
bo
th
s
e
x
e
s
(C
ar
r-
a
g
he
r
e
t
a
l.
,
19
89
).
I
n
m
a
t
u
r
in
g
m
a
le
fi
sh
,
c
o
r
t
is
ol
t
r
e
a
t
-
m
e
n
t
c
a
u
s
e
d
a
s
ig
ni
fi
ca
nt
r
e
du
ct
io
n
in
t
he
p
it
ui
ta
ry
G
T
H
c
o
n
t
e
n
t
a
n
d
in
t
he
c
o
n
c
e
n
t
r
a
t
io
n
o
f
c
ir
cu
la
ti
ng
t
e
s
t
o
s
t
e
r
o
n
e
.
T
he
se
c
ha
ng
es
w
e
r
e
a
s
s
o
c
ia
te
d
w
it
h
a
s
ig
ni
fi
ca
nt
de
cr
ea
se
in
t
he
s
iz
e
o
f
t
he
t
e
s
t
e
s
,
r
e
la
ti
ve
t
o
s
ha
m-
im
pl
an
te
d,
co
nt
ro
l
fi
sh
.
I
n
m
a
t
u
r
in
g
fe
ma
le
fi
sh
,
c
o
r
t
is
ol
t
r
e
a
t
m
e
n
t
a
g
a
in
c
a
u
s
e
d
a
s
ig
ni
fi
ca
nt
r
e
du
ct
io
n
in
t
he
p
it
ui
ta
ry
G
T
H
c
o
n
t
e
n
t
t
o
g
e
t
he
r
w
it
h
a
s
u
p
p
r
e
s
s
io
n
o
f
c
ir
cu
la
ti
ng
t
e
s
t
o
s
t
e
r
o
n
e
a
n
d
o
e
s
t
r
a
di
ol
.
T
he
se
c
ha
ng
es
w
e
r
e
r
e
s
p
o
n
s
ib
le
fo
r
a
s
ig
nf
ic
an
t
de
cr
ea
se
in
p
la
sm
a
v
it
el
lo
ge
ni
n
le
ve
ls
a
n
d
a
de
cr
ea
se
in
o
v
a
r
ia
n
s
iz
e
(C
ar
ra
gh
er
e
t
a
l.
,
19
89
).
I
t
s
e
e
m
s
p
r
o
ba
bl
e,
t
he
re
fo
re
,
t
ha
t
t
he
s
u
p
p
r
e
s
s
iv
e
e
ff
ec
ts
o
f
s
t
r
e
s
s
o
n
t
he
g
o
n
a
da
l
s
t
e
r
o
id
s
a
r
e
m
e
di
at
ed
,
in
p
a
r
t
a
t
le
as
t,
by
t
he
H
P
I
a
x
is
.
W
ha
te
ve
r
t
he
p
r
e
c
is
e
m
e
c
ha
ni
sm
s
in
vo
lv
ed
,
e
n
v
ir
on
-
m
e
n
t
a
l
s
t
r
e
s
s
w
o
u
ld
s
e
e
m
t
o
be
c
a
p
a
bl
e
o
f
in
hi
bi
ti
ng
g
r
o
w
t
h
in
m
a
t
u
r
in
g
fi
sh
v
ia
a
r
e
du
ct
io
n
in
t
he
le
ve
ls
o
f
c
ir
cu
la
ti
ng
,
a
n
a
bo
li
c,
g
o
n
a
da
l
s
t
e
r
o
id
s.
P
I
T
U
I
T
A
R
Y
G
R
O
W
T
H
H
O
R
M
O
N
E
T
he
re
is
n
o
w
a
n
a
c
c
u
m
u
la
te
dw
e
a
lt
h
o
f
in
fo
rm
at
io
no
n
t
he
g
r
o
w
t
h-
pr
om
ot
in
ge
ff
ec
ts
o
f
p
it
ui
ta
ry
gr
ow
th
ho
rm
on
e
in
t
e
le
os
t
fi
sh
.
N
a
t
u
r
a
l
a
n
d
r
e
c
o
m
bi
na
nt
fo
rm
s
o
f
m
a
m
m
a
li
an
,
a
v
ia
n
a
n
d
t
e
le
os
t
g
r
o
w
t
h
ho
rm
on
es
a
r
e
a
ll
m
a
r
ke
dl
y
p
o
t
e
n
t
w
he
n
a
dm
in
is
te
re
dt
o
fi
sh
a
n
d
a
c
t
by
in
cr
ea
si
ng
bo
th
fo
od
in
ta
ke
a
n
d
fo
od
c
o
n
v
e
r
s
io
ne
ff
ic
ie
nc
y(
se
e
G
il
l
e
t
a
l.
,
19
85
).
U
n
t
il
r
e
c
e
n
t
ly
,h
ow
ev
er
,
li
tt
le
w
a
s
kn
ow
n
a
bo
ut
t
he
le
ve
ls
o
f
e
n
do
ge
no
us
G
H
in
fi
sh
bu
t
t
he
de
ve
lo
pm
en
to
f
s
p
e
c
if
ic
r
a
di
o
im
mu
no
as
sa
ys
t
o
m
e
a
s
u
r
e
t
e
le
os
t
g
r
o
w
t
h
ho
rm
on
es
is
n
o
w
be
gi
nn
in
gt
o
o
p
e
n
u
p
t
hi
s
a
r
e
a
o
f
e
n
do
cr
in
ol
og
y(
Co
ok
e
t
a
l.
,
19
83
;
B
o
lt
on
e
t
a
l.
,
19
86
;
W
a
g
n
e
r
a
n
d
M
c
K
e
o
w
n
.
19
86
).
I
n
a
c
o
ll
ab
or
at
iv
es
t
u
dy
be
tw
ee
n
t
he
I
F
E
(A
.D
.P
ic
ke
ri
ng
a
n
d
T
.
G
.
P
o
t
t
in
ge
r)
,B
r
u
n
e
l
U
n
iv
er
si
ty
(J
.P
.S
um
pt
er
a
n
d
J
.
F
.
C
a
r
r
a
g
he
r)
a
n
d
I
N
R
A
.
(P
.Y
.L
e
B
a
il
)
w
e
ha
ve
e
x
a
m
in
ed
t
he
le
ve
ls
o
f
p
la
sm
a
G
H
in
r
a
in
bo
w
t
r
o
u
t
u
n
de
r
v
a
r
io
us
e
n
v
ir
on
-
m
e
n
t
a
l
c
o
n
di
ti
on
su
s
in
g
a
s
a
lm
on
id
GH
R
I
A
de
ve
lo
pe
da
g
a
in
st
c
hi
no
ok
s
a
lm
on
,
O
n
c
o
r
hy
nc
hu
st
s
ha
wy
ts
ch
a
G
H
a
n
d
v
a
li
da
te
d
fo
r
u
s
e
w
it
h
o
t
he
r
s
a
lm
on
id
s
p
e
c
ie
s
(L
e
B
a
il
e
t
a
l.
.
in
p
r
e
p
a
r
a
t
io
n)
.
I
n
o
u
i
e
x
p
e
ii
me
nt
al
r
a
in
bo
w
t
r
o
u
t
p
o
p
u
la
ti
on
s,
t
he
m
e
a
n
p
la
sm
a
le
ve
ls
lo
fG
H
in
u
n
s
t
r
e
s
s
e
df
is
h
li
e
in
t
he
r
a
n
g
e
0.
5
-
3.
5
n
g
m
l
.
P
a
r
a
do
xi
ca
ll
y,
t
he
re
a
p
p
e
a
r
s
t
o
be
a
n
in
ve
rs
e
r
e
la
ti
on
sh
ip
be
tw
ee
n
G
H
le
ve
ls
a
n
d
g
r
o
w
t
h
r
a
t
e
in
t
he
se
fi
sh
,
w
it
h
t
he
fa
st
es
t-
gr
ow
in
gs
t
r
a
in
o
f
t
r
o
u
t
ha
vi
ng
t
he
lo
we
st
p
la
sm
a
G
H
le
ve
ls
e
n
d
t
he
s
lo
we
st
g
r
o
w
in
g
s
t
r
a
in
ha
vi
ng
t
he
hi
gh
es
tG
H
le
ve
ls
.
W
he
n
r
a
in
bo
w
t
r
o
u
t
a
r
e
s
u
bj
ec
te
dt
o
a
n
a
c
u
t
e
s
t
r
e
s
s
(2
4
ho
ur
s
c
o
n
fi
ne
me
nt
)t
he
re
is
a
s
m
a
ll
,
bu
t
s
t
a
t
is
ti
ca
ll
y
s
ig
ni
fi
ca
nt
,d
ro
p
in
t
he
m
e
a
n
p
la
sm
a
G
H
le
ve
ls
du
ri
ng
.i
he
p
e
r
io
d
o
f
c
o
n
fi
ne
me
nt
(c
on
tr
ol
fi
sh
0.
62
1t
0.
10
n
g
m
l
(n
=8
4)
,c
o
n
fi
ne
d
fi
sh
0.
14
t
0.
01
n
g
m
l
(n
=6
0)
,m
ea
n
±
SE
M
(n
),
p
<
0.
01
).
I
t
is
n
o
t
y
e
t
c
le
ar
ho
w
lo
ng
t
hi
s
s
u
p
p
r
e
-
s
s
io
n
la
st
s
a
n
d
fu
rt
he
rw
or
k
in
t
hi
s
a
r
e
a
is
n
e
e
de
d.
I
n
v
ie
w
o
f
t
he
lo
w
G
H
le
ve
ls
,
a
m
o
r
e
s
e
n
s
it
iv
e a
s
s
a
y
w
o
u
ld
he
lp
t
o
r
e
s
o
lv
e
t
hi
s
p
r
o
bl
em
.
N
e
v
e
r
t
he
le
ss
,o
u
r
e
v
id
en
ce
t
o
da
te
s
u
g
g
e
s
t
s
t
ha
t
a
n
a
c
u
t
e
s
t
r
e
s
s
c
o
u
ld
c
a
u
s
e
a
t
e
m
p
o
r
a
r
y
s
u
p
p
r
e
-
s
s
io
n
o
f
g
r
o
w
t
h
by
r
e
du
ci
ng
G
H
s
e
c
r
e
t
io
nf
ro
m
t
he
p
it
ui
ta
ry
g
la
nd
. In
t
he
c
a
s
e
o
f
a
c
o
n
t
in
uo
us
,o
r
c
hr
on
ic
,
s
t
r
e
s
s
bl
oo
d
G
H
le
ve
ls
m
a
y
be
e
le
va
te
d.
T
hu
s,
w
e
ha
ve
o
bs
er
ve
d
a
n
()
le
vy
..
t
io
n
o
f
p
la
sm
a
G
H
le
ve
ls
fr
om
a
m
e
a
n
o
f
0.
51
1±
0.
13
n
g
m
l-
-
(n
=1
6)
in
c
o
n
t
r
o
l
fi
sh
t
o
4:
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±
1.
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n
g
m
l
(n
=1
6)
u
n
de
r
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o
w
6
c
o
nditions
of
c
r
o
wding/waterq
u
ality
deterioration.
I
n
t
e
r
e
s
t
-
ingly,
the
plasma
G
H
levels
w
e
r
e
p
o
sitively
c
o
r
r
elated
with
the
c
o
r
tisol
levels,
c
o
nfirmingthe
p
r
e
s
e
n
c
e
of
a
chronic
s
t
r
e
s
s
r
e
s
p
o
n
s
ein
these
fish
t
o
the
adverse
e
n
vironmental
c
o
nditions.
A
similar
elevationof
plasma
G
H
levels
has
been
observed
in
o
ther
s
p
e
cies
of
a
n
adromoussalmonid
fish
which
have
been
p
r
e
m
a
t
u
r
elyt
r
a
n
sferredt
o
s
e
a
w
a
t
e
r
.
This
c
a
u
s
e
s
the
p
r
oblem
of
'
s
t
u
n
ting',where
the
fish
s
t
o
p
s
g
r
o
wing,
t
u
r
n
s
dark,
is
m
o
r
e
s
u
s
c
e
p
tibleto
disease
(increase
in
m
o
r
t
ality
r
a
t
e)
a
nd
e
xhibits
all
the
characteristicsof
chronically-stressedfish.
M
o
s
t
importantly,plasma
G
H
levels
increasedramatically(Bolton
e
t
al.,
1987;
Bjornsson
e
t
al.,
1988).
Starvation
also
c
a
u
s
e
s
a
n
elevation
of
G
H
levels
in
t
eleost
fish
(Wagner
a
nd
M
c
K
e
o
w
n
,
1986)
a
nd
w
e
interpretthe
changes
in
chronically-stressedfish
a
s
a
r
e
s
p
o
n
s
e
t
o
its
o
v
e
r
all
m
e
t
abolic
s
t
a
t
e
(ie.
its
s
t
a
t
e
of
s
t
a
r
v
a
tion),r
a
ther
than
a
s
a
direct
r
e
s
p
o
n
s
e
t
o
the
e
n
viron-
m
e
n
t
al
c
o
nditions.
Thus,
s
t
r
e
s
s
might
s
u
p
p
r
e
s
s
G
E
levels
in
the
short-termbut,
o
v
e
r
a
longer
p
e
riod,
o
ther
influences
o
n
the
m
e
t
abolic
s
t
a
t
e
of
the
fish
m
a
y
p
r
o
m
o
t
e
a
n
increase
in
plasma
G
H
levels.
If
the
immunologicallya
c
tive
G
H
m
e
a
s
u
r
ed
in
chronichlly-itressedfish
r
e
p
r
e
s
e
n
t
sbiologically
a
c
tive
hormone,
it
w
o
uld
s
e
e
m
that
the
block
t
o
g
r
o
w
th
m
u
s
t
e
xist
elsewherein
the
s
y
s
t
e
m
,
p
e
rhaps
a
t
the
level
of
insulin-likeg
r
o
w
th
factors
o
r
the
G
H
r
e
c
e
p
t
o
r
.
I
n
this
c
o
n
n
e
c
tion,it
is
interestingthat
F
r
y
e
r
a
nd
B
e
r
n
(1979)
has
demonstrateda
m
a
rked
r
eduction
in
the
n
u
mber
of
G
H
r
e
c
e
p
t
o
r
sin
s
t
u
n
t
ed
c
oho
s
almon,
O
n
c
o
rhynchuskisutch.
C
O
N
C
L
USIONS
This
p
a
p
e
r
has
demonstrated3
p
o
s
sible
hormonal
p
a
th-
w
a
y
s
involvedin
g
r
o
w
th
s
u
p
p
r
e
s
sion
of
s
t
r
e
s
s
ed,
t
eleost
fish:-
A
s
t
a
t
e
of
c
a
t
abolisminduced
by
elevated
c
o
r
tisol
levels.
Suppressionthe
p
o
t
e
n
tially
a
n
abolic
s
t
e
r
oids,
t
e
s
t
-
o
s
t
e
r
o
n
e
a
nd
11-ketotestosteronein
s
e
x
u
ally
m
a
t
u
ring
fish.
c).Short-terms
u
p
p
r
e
s
sion
of
plasma
G
H
levels
following
a
c
u
t
e
s
t
r
e
s
s
.
I
t
is
likely
that
this
r
e
p
r
e
s
e
n
t
s
o
nly
p
a
r
t
of
a
c
o
m
plex
'
s
e
ries
of
hormonal
e
v
e
n
t
s
c
o
n
t
r
ollingg
r
o
w
th
p
r
o
c
e
s
s
e
s
in
fish.
Thus,
the
thyroid
hormones
(either
alone
o
r
in
c
o
mbin-
a
tion
with
o
ther
hormones)are
effective
g
r
o
w
th
p
r
o
m
o
t
e
r
s
.
(Higgs
e
t
al.,
1977)
a
nd
thyroidal
physiology
is
u
ndoubtedly
influencedby
e
n
vironmental
s
t
r
e
s
s
.
I
n
g
e
n
e
r
al,
chronic
s
t
r
e
s
s
r
educes
T
,
a
nd
T4
levels
(Osborn
a
nd
Simpson,
1974;
Simpson,
1975/76)whereas
a
n
a
c
u
t
e
s
t
r
e
s
s
has
been
shown
t
o
elevate
T4
levels
(Brown
e
t
al.,
1978).
This
latter
effect
is
p
r
obablymediated
by
c
a
t
e
cholaminerelease
(Eales
e
t
al.,
1986).
Links
between
the
H
P
I
a
xis
a
nd
the
pituitary/thyroid
a
xis
have
been
p
o
s
t
ulated
but
the
effects
of
c
o
r
tisol
o
n
thyroidal
a
c
tivity
a
r
e
e
q
uivocal
(Milne
a
nd
L
e
a
therland,
1980;
R
edding
e
t
al.,
1984b;
L
e
a
therland,1987).
The
r
e
c
e
n
t
finding
by
Y
o
u
n
g
(1989)
that
g
r
o
w
th
hormone
t
r
e
a
t
m
e
n
t
increasesthe
s
e
n
sitivity
of
the
c
oho
s
almon
interrenal
gland
t
o
A
C
T
H
a
nd
that
c
o
r
tisol
s
timulates
the
r
elease
of
G
H
from
the
tilapia,Oreochromis
m
o
s
s
a
mbicus,pituitary
gland
in
vitro
(Nishioka
e
t
al.,
1985)
a
r
g
u
e
s
for
links
between
the
H
P
I
a
xis
a
nd
G
H
s
e
c
r
e
tion.
Virtually
n
o
thing
is
known
about
the
effects
of
e
n
vironmental
s
t
r
e
s
s
o
n
p
r
olactin
(PRL)
s
e
c
r
e
tion
in
fish
whereas
in
m
a
m
m
als,
P
A
L
s
e
c
r
e
tion
is
almost
(as
characteristica
r
e
s
p
o
n
s
e
a
s
A
C
T
H/
c
o
r
ticosteriod
s
e
c
r
e
t
-
ion
t
o
m
a
n
y
form
s
of
s
t
r
e
s
s
.
A
s
the
t
e
chniques
for
the
s
t
udy
of
t
eleost
e
ndocrinology
a
r
e
developed
a
nd
improved,
it
is
e
n
visaged
that
o
ther
hormonal
p
a
thways
will
be
shown
t
o
be
instrumentalin
the
s
u
p
p
r
e
s
sion
of
s
o
m
a
tic
g
r
o
w
th
in
s
t
r
e
s
s
ed
fish.
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24
9-
25
9.
P
ic
ke
ri
ng
A
D
,
St
e
wa
rt
A
(1
98
4)
.
A
c
c
li
ma
ti
on
o
f
t
he
in
te
rr
-
e
n
a
l
t
is
su
e
o
f
t
he
br
ow
n
t
r
o
u
t
,
Sa
lm
o
t
r
u
t
t
a
L
.
t
o
c
hr
on
ic
s
t
r
e
s
s
.
J
F
is
h
B
io
l
24
:
73
1-
74
0.
R
e
dd
in
g
J
M
,
P
a
t
in
o
R
,
Sc
hr
ec
k
C
B
(1
98
4a
).
C
le
ar
an
ce
of
c
o
r
t
ic
os
te
ro
id
si
n
y
e
a
r
li
ng
c
o
ho
s
a
lm
on
,
O
n
c
o
r
hy
nc
hu
s
 
ki
su
tc
ti
in
fr
es
h
w
a
t
e
r
a
n
d
s
e
a
w
a
t
e
r
a
n
d
a
ft
er
s
t
r
e
s
s
.
G
e
n
C
o
m
p
E
n
do
cr
in
ol
54
:
43
3-
44
3.
R
e
dd
in
g
J
M
,
Sc
hr
ec
k
C
B
,
B
ir
ks
E
X
,
E
w
in
g
R
D
(1
98
4b
).
C
o
r
t
is
ol
a
n
d
it
s
e
ff
ec
ts
o
n
p
la
sm
a
t
hy
ro
id
ho
rm
on
e
a
n
d
e
le
ct
ro
ly
te
.
c
o
n
c
e
n
t
r
a
t
io
ns
in
fr
es
hw
at
er
an
d
du
ri
ng
s
e
a
w
a
t
e
r
a
c
c
li
ma
ti
on
allING
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9
in
y
e
a
rling
c
oho
s
almon,
O
n
c
o
rhynchuskisutch.
G
e
n
C
o
m
p
E
ndocrinol
56:
146-155.
Sheridan
M
(1986).
Effects
of
thyroxin,cortisol,growth
hormone
a
nd
p
r
olactinon
lipid
m
e
t
abolism
of
c
oho
s
almon,
O
n
c
o
rhynchuskisutch,
during
s
m
oltification.
G
e
n
C
o
m
p
E
ndocrinol
64:
220-238.
Simpson
T
(1975/76).
E
ndocrineaspects
of
s
almonid
c
ulture.
P
r
o
c
R
o
y
Soc
Edinb
(8)
75:
241-252.
Sumpter
J
P
,
D
y
e
H
M
,
B
e
nfey
T
J
(1986).
The
effects
of
s
t
r
e
s
s
o
n
plasma
A
C
T
H
,
a
-
MSH,
a
nd
e
o
r
tisol
levels
in
s
almonid
fishes.
G
e
n
C
o
m
p
E
ndocrinol62:
377-385.
T
a
m
W
H
,
Birkett
L
,
M
akaran
R
.
P
a
y
s
o
n
P
D
,
Whitney
D
K
,
Y
u
C
K
-
C
(1987).
M
odificationof
c
a
rbohydratem
e
t
abolism
a
nd
liver
vitellogenicfunction
in
brook
t
r
o
u
t
(Salvelinus 
fontinalis)by
e
x
p
o
s
u
r
e
t
o
low
p
H
.
C
a
n
J
Fish
A
q
u
a
t
Sci
44:
630-635.
W
a
g
n
e
r
G
F
,
M
c
K
e
o
w
n
B
A
(1986).
D
e
v
elopment
of
a
s
almon
g
r
o
w
th
hormone
r
adioimmunoassay.
G
e
n
C
o
m
p
E
ndocrinol62:
452-458.
Y
o
u
n
g
G
(1989).
E
nhanced
r
e
s
p
o
n
s
e
of
the
interrenal
of
c
oho
s
almon
t
o
A
C
T
H
after
g
r
o
w
th
hormone
t
r
e
a
t
m
e
n
tin
vivo
a
nd
in
vitro.
G
e
n
C
o
m
p
E
ndocrinol(in
p
r
e
s
s).
IS
SIM
M
I
UM
M
I
IN
IS
IS
IS
N
I
SI
a
111111
M
S
a
S
1
H
u
sbandry
a
nd
Stress
in
Fish
A
.
D
.
P
I
C
K
E
R/NG
I
n
s
tituteof
F
r
e
shwaterE
c
ology,The
F
e
r
r
y
H
o
u
s
e
,
F
a
r
Sawrey,
A
mbleside,C
u
mbria,LA22
O
L
P
.
U
.
K
.
I
N
T
R
O
D
U
C
T
I
O
N
The
definitionof
s
t
r
e
s
s
in
biologicals
y
s
t
e
m
s
has
been
the
s
ubject
of
c
o
n
siderabledebate
(see
Pickering,1981)
y
e
t
there
is
s
till
n
o
c
o
n
c
e
n
s
u
s
of
o
pinion.
O
n
e
of
the
m
o
s
t
s
e
v
e
r
e
definitionsis
that
of
B
r
e
t
t
(1958)
in
which
s
t
r
e
s
s
is
defined
a
s
"
a
s
t
a
t
e
p
r
oduced.by
a
n
y
e
n
vironmentalfactor
which
e
x
t
e
nds
the
n
o
r
m
al
adaptiveresponsesof
a
n
a
nimal,
o
r
which
disturbs
the
n
o
r
m
al
functioningt
o
s
u
ch
a
n
e
x
t
e
n
t
that
the
chances
of
s
u
r
vivalare
significantlyr
educed".
F
r
o
m
the
a
q
u
a
c
ulturep
oint
of
view,
c
o
nditions
which
decrease
the
chancesof
s
u
r
vival(ie.
increase
the
m
o
r
t
alityrate)
w
o
uld
c
e
r
t
ainlybe
described
a
s
s
t
r
e
s
sfulbut
there
a
r
e
o
ther
circumstancesin
which
the
m
o
r
t
ality
tate
m
a
y
n
o
t
be
affectedy
e
t
o
ther
a
s
p
e
c
t
s
of
the
p
e
rformance
c
a
p
a
city
of
the
fish
a
r
e
impaired(Schrock,1981).
E
n
vironmentalchangeswhich
s
u
p
p
r
e
s
sg
r
o
w
th
r
a
t
e
,
for
e
x
a
m
ple,
c
o
uld
also
be
described
a
s
s
t
r
e
s
sful.
D
e
s
pite
s
u
ch
p
r
oblems
of
definition,m
o
s
t
fish
farmrs
(and
biologists)
have
a
n
intuitive
n
o
tion
of
those
e
n
vironmentalc
o
nditionswhich
a
r
e
damaging
t
o
fish
a
nd
the
aim
of
thisp
a
n
e
ris
t
o
r
e
viewwhatis
knownaboutthe
e
ndocrinological
Changesthat
o
c
c
u
rin
s
t
r
e
s
s
edfish
a
nd
thent
o
c
o
n
siderthe
c
o
n
s
e
q
u
e
n
c
e
sof
thesechangesin
t
e
r
n
sof
theperformanceof
the
fish.
p
a
r
ticulara
t
t
e
n
tionwill
be
given
t
o
effects
m
ediatedvia
dhanges
in
the
a
c
tivity
of
the
hypothalamic-pituitary-interrenala
'
xis.
The
p
r
a
c
ticabilityof
a
v
oidingthe
w
o
r
s
t
effects
of
e
q
u
a
c
ulturals
t
r
e
s
s
is
e
x
plored
a
s
is
the
P
o
t
e
n
tialfor
the
s
electivebreedingof
fish
witha
r
educeds
t
r
e
s
sr
e
s
e
o
n
s
e
2
(ie.
a
c
c
eleratingthe
r
a
t
e
of
domestication).
I
n
e
vitably,this
p
a
p
e
r
will
draw
heavily
u
p
o
n
o
u
r
o
w
n
w
o
rk
o
n
the
s
t
r
e
s
s
r
e
s
p
o
n
s
e
s
of
s
almonid
fish
but
a
n
a
t
t
e
m
p
t
will
be
m
ade
t
o
include
o
ther
s
p
e
cies
which
a
r
e
of
importancet
o
the
a
q
u
a
c
ultureindustry.
E
N
D
O
C
R
I
N
O
L
O
G
YO
F
T
H
E
STRESS
R
ESPONSE
The
s
t
r
e
s
s
r
e
s
p
o
n
s
ein
m
a
m
m
als
has
classicallybeen
describedby
the
a
c
tivationof
t
w
o
c
o
m
p
o
n
e
n
t
sof
the
n
e
u
r
al/endocrines
y
s
t
e
m
,
the
adrenergic
s
y
s
t
e
m
a
nd
the
pituitary-adrenala
xis
(Selye.
1956).
T
o
g
e
ther,
these
effectivelys
witch
the
a
nimal's
m
e
t
abolism
from
a
n
a
n
abolic
s
t
a
t
e
(in
which
e
n
e
r
g
y
is
being
t
aken
u
p
a
nd
s
t
o
r
ed)
t
o
a
c
a
t
abolic
s
t
a
t
e
(in
which
e
n
e
r
g
y
r
e
s
e
r
v
e
s
a
r
e
broken
down).
This
e
n
e
r
g
y
m
obilizationis
p
r
e
s
u
m
ed
t
o
be
of
adaptivevalue
in
the
n
a
t
u
r
al
e
n
vironment
a
s
the
a
nimal
a
t
t
e
m
p
t
s
t
o
a
v
oid
o
r
o
v
e
r
c
o
m
e
,the
immediatethreat.
T
eleost
fish
show
a
similar
r
e
s
p
o
n
s
e
t
o
m
o
s
t
,
if
n
o
t
all,
forms
of
e
n
vironmental str
e
s
s
.
Thus,
the
c
o
n
c
e
n
t
r
a
tionsof
plasma
c
a
t
e
cholaminesa
r
e
r
a
pidly
elevated (Mazeaud
a
nd
M
a
c
a
u
&
1981)
a
s
a
r
e
c
o
r
ticosteroidsln
the
blood
(Donaldson.1981).
These
t
w
o
g
r
o
u
p
s
of
hormones
have
m
ultiple
functions.
m
a
n
y
of
which
a
r
e
of
adaptive
v
alue
t
o
a
s
t
r
e
s
s
ed
fish.
F
o
r
e
x
a
m
ple.
c
a
t
e
cholamines
a
r
e
both
hyperglycemica
nd
lipolytic
(Larsson, 1973;Sheridan,
1987),
theyp
r
o
m
o
t
ebronchialamellarp
e
rfusion(Booth,1979)
a
nd
increase
the
o
x
y
g
e
n
affinity
of
the
e
r
y
throcytes(Nikinmaa,1982).
C
o
r
ticosteroids
s
timulategluconeogenesis
in
fish(Janssensa
nd
W
a
t
e
r
m
a
n
,1988;s
e
e
alsoSuarez
a
nd
M
o
m
m
s
e
n
,
1988).
they
s
timulate
lipolysis
(Sheridan,1986)
a
nd
p
r
o
m
o
t
e
ion-transport(Balm.
1986),
a
n
importantproperty
a
s
the
fish
a
t
t
e
m
p
t
s
t
o
r
e
g
ain
o
s
m
o
tic
e
q
uilibriumwith
the
e
n
vironmentduring
its
r
e
c
o
v
e
r
yfrom
s
t
r
e
s
s
.I
n
s
t
udies
with
s
almonid
fish,
the
a
c
tivity
of
the
hypothalamic-
pituitary
-interrenal(HPI)
a
xis,
in
p
a
r
ticular,has
been
u
s
ed
t
o
a
s
s
e
s
s
the
1990R
ecent
A
dvances
in
A
quaculture
(eds
J.Planas,
S.Zanuy
end
N
.Brom
age)
II•
1
M
I
a
CS
IS
M
I
a
l
III
P
IN
M
O
11
11
1a
a
SI
M
3
de
gr
ee
o
f
s
e
v
e
r
it
y
o
f
t
he
s
t
r
e
s
s
.
C
o
r
t
is
ol
is
t
he
m
a
jo
r
c
o
r
t
ic
os
te
ro
id
in
t
hi
s
g
r
o
u
p
o
f
fi
sh
.
H
o
w
e
v
e
r
,
t
he
c
o
r
t
is
ol
r
e
s
p
o
n
s
e
m
a
y
be
in
fl
ue
nc
ed
no
t
o
n
ly
by
t
he
n
a
t
u
r
e
o
f
t
he
s
t
r
e
s
s
,
bu
t
a
ls
o
by
o
t
he
r
fa
ct
or
s
s
u
c
h
a
s
t
he
a
g
e
.
s
e
x
a
n
d
s
t
a
t
e
o
f
m
a
t
u
r
it
y
o
f
t
he
fi
sh
(S
um
pt
er
e
t
a
l.
.
19
87
).
t
he
e
n
v
ir
on
me
nt
al
t
e
m
p
e
r
a
t
u
r
e
(S
um
pt
er
e
t
a
l.
,
19
89
).
t
he
s
p
e
c
ie
s
a
n
d
s
t
r
a
in
o
f
fi
sh
(P
ic
ke
ri
ng
a
n
d
P
o
t
t
in
ge
r.
19
89
)
a
n
d
e
v
e
n
,
u
n
de
r
c
e
r
t
a
in
c
ir
cu
ms
ta
nc
es
,b
y
t
he
c
he
mi
ca
l
c
o
m
p
o
s
it
io
no
f
t
he
w
a
t
e
r
(P
ic
ke
ri
ng
a
n
d
P
o
t
t
in
ge
r.
19
8.
T
hu
s,
c
o
n
s
id
er
ab
le
ba
ck
gr
ou
nd
in
fo
rm
at
io
no
n
t
he
fa
ct
or
s
in
fl
ue
nc
in
gH
P
I
-
a
x
is
r
e
s
p
o
n
s
iv
en
es
si
s
r
e
q
u
ir
ed
if
c
ha
ng
es
in
p
la
sm
a
c
o
r
t
ic
os
te
ro
id
le
ve
ls
a
r
e
to
be
in
te
rp
re
te
di
n
t
e
r
m
s
o
f
t
he
s
e
v
e
r
it
y
o
f
a
s
t
r
e
s
s
r
e
s
p
o
n
s
e
.
I
t
ha
s
be
en
t
he
c
o
n
v
e
n
t
io
n
to
de
sc
ri
be
e
n
v
ir
on
me
nt
al
s
t
r
e
s
s
e
s
a
s
e
it
he
r
a
c
u
t
e
o
r
c
hr
on
ic
,
a
di
st
in
ct
io
n
w
hi
ch
is
s
o
m
e
w
ha
t
a
r
t
if
ic
ia
la
nd
w
hi
ch
m
a
y
n
o
t
a
de
qu
at
el
yd
es
cr
ib
e
a
ll
s
it
ua
ti
on
s.
A
n
a
c
u
t
e
s
t
r
e
s
s
is
o
n
e
o
f
s
ho
rt
du
ra
ti
on
(m
in
ut
es
o
r
ho
ur
s)
I
n
w
hi
ch
t
he
t
im
e-
co
ur
se
o
f
t
he
r
e
s
p
o
n
s
e
o
f
t
he
fi
sh
o
u
t
la
st
s
t
ha
t
o
f
t
he
s
t
r
e
s
s
.
I
n
t
he
a
q
u
a
c
u
lt
ur
ei
nd
us
tr
y,
pr
oc
ed
ur
es
s
u
c
h
a
s
n
e
t
t
in
g,
g
r
a
di
ng
,
ha
nd
li
ng
,
p
r
o
p
hy
la
ct
ic
t
r
e
a
t
m
e
n
t
a
n
d
ha
ul
in
g
w
o
u
ld
a
ll
be
de
sc
ri
be
d
a
s
a
c
u
t
e
s
t
r
e
s
s
e
s
.
B
lo
od
c
o
r
t
ic
os
te
ro
id
le
ve
ls
a
r
e
r
a
p
id
ly
e
le
va
te
d
du
ri
ng
t
he
p
e
r
io
d
o
f
s
t
r
e
s
s
bu
t
r
e
t
u
r
n
to
ba
sa
l
le
ve
ls
w
it
hi
n
24
ho
ur
s
o
r
s
o
(s
ee
e
.
g
.
P
ic
ke
ri
ng
e
t
a
l.
,
19
82
).
R
e
p
e
a
t
e
d
e
x
p
o
s
u
r
e
o
f
t
he
fi
sh
to
th
e
s
a
m
e
a
c
u
t
e
s
t
r
e
s
s
c
a
n
r
e
s
u
lt
in
a
c
c
li
ma
ti
on
to
th
e
s
t
im
ul
us
.
T
hu
s,
t
he
c
o
r
t
is
ol
r
e
s
p
o
n
s
e
o
f
br
ow
n
t
r
o
u
t
,
Sa
lm
o
t
r
u
t
t
a
,
to
t
he
s
t
r
e
s
s
o
f
c
le
an
in
g
t
he
r
e
a
r
in
g
t
a
n
ks
w
it
h
t
he
fi
sh
in
s
it
u
w
a
s
s
ig
ni
fi
ca
nt
ly
r
e
du
ce
d
w
he
n
t
he
t
a
n
ks
w
e
r
e
c
le
an
ed
o
n
a
da
il
y
ba
si
s
r
a
t
he
r
t
ha
n
a
w
e
e
kl
y
o
r
a
m
o
n
t
hl
y
ba
si
s
(A
.D
.
P
ic
ke
ri
ng
.T
.
G
.
P
o
t
t
in
ge
r
a
n
d
I
.
R
.
A
.
A
r
m
s
t
r
o
n
g
.
u
n
p
u
bl
is
he
d-
P
ig
.
1)
.
Si
mi
la
rl
y
t
he
c
o
r
t
is
ol
r
e
s
p
o
n
s
e
to
a
s
in
gl
e
p
r
o
p
hy
la
ct
ic
do
se
o
f
t
he
fu
ng
ic
id
e
m
al
ac
hi
te
gr
ee
n
w
a
s
c
o
m
p
le
te
ly
a
bo
li
sh
ed
in
fi
sh
tr
ea
te
d
o
n
a
da
il
y
ba
si
s
(P
ic
ke
ri
ng
a
n
d
Pe
tti
ng
er
.
19
84
).
Ch
ro
ni
c
en
v
iro
nm
en
ta
l
st
re
ss
es
ar
e
co
n
tin
uo
us
fo
rm
s
o
f
s
t
r
e
s
s
fro
m
w
hi
ch
,
u
n
de
r
aq
ua
cu
ltu
re
co
n
di
tio
ns
.
th
er
e
m
ay
be
n
o
es
ca
pe
.
O
v
e
r
c
r
o
w
di
ng
,
4
p
o
o
r
w
a
t
e
r
q
u
a
li
ty
,
s
o
c
ia
l
do
mi
na
ti
on
o
f
o
n
e
fi
sh
o
v
e
r
a
n
o
t
he
r
a
n
d
e
x
p
o
s
u
r
et
o
n
o
v
e
l
e
n
v
ir
on
me
nt
a
r
e
a
ll
e
x
a
m
p
le
so
f
c
hr
on
ic
s
t
r
e
s
s
a
s
s
o
c
ia
te
dw
it
h
fi
sh
fa
rm
in
g.
A
g
a
in
t
he
H
P
I
a
x
is
is
a
c
t
iv
at
ed
,b
ut
in
s
u
c
h
c
a
s
e
s
bl
oo
d
c
o
r
t
is
ol
le
ve
ls
ma
y
be
el
ev
at
ed
fo
r
s
e
v
e
r
a
ld
ay
s
o
r
ev
en
w
e
e
ks
(P
ic
ke
ri
ng
an
d
St
ew
ar
t.
19
84
).
I
n
m
a
n
y
s
it
ua
ti
on
sa
c
c
li
ma
ti
on
e
v
e
n
t
u
a
ll
yo
cc
u
rs
a
n
d
bl
oo
d
c
o
r
t
is
ol
le
ve
ls
r
e
t
u
r
n
to
ba
sa
l
v
al
ue
s
de
sp
ite
th
e
co
n
tin
ue
d
st
re
ss
(se
e
Sc
hr
oc
k.
19
81
).
H
o
w
e
v
e
r
,a
c
c
li
ma
ti
on
o
f
th
e
H
PI
ax
is,
w
ith
in
a
fe
w
da
ys
,
to
ch
ro
ni
c
s
t
r
e
s
s
is
n
o
t
a
n
in
va
ri
ab
le
c
o
n
s
e
q
u
e
n
c
e
.
F
o
r
e
x
a
m
p
le
,T
am
et
al
.
(1
98
7)
fo
un
d
t
ha
t
c
o
r
t
is
ol
le
ve
ls
in
m
a
le
br
oo
k
tr
ou
t.
Sa
lv
el
in
us
fo
nt
in
al
is
.w
e
r
e
s
ig
ni
fi
ca
nt
ly
el
ev
at
ed
m
o
re
t
ha
n
6
m
o
n
t
hs
a
ft
er
ch
ro
ni
c
ex
po
su
re
to
lo
w
p
H
an
d
R
ed
ga
te
(1
97
4)
fo
un
d
di
et
n
a
t
iv
e
c
a
r
p
.
C
y
p
r
in
us
c
a
r
p
io
.h
ad
n
o
t
a
c
c
li
ma
te
dt
o
c
o
n
fi
ne
me
nt
by
42
da
ys
p
o
s
t
-
c
a
p
t
u
r
e
.
I
n
o
u
r
e
x
p
e
r
ie
nc
e,
s
u
bm
is
si
ve
r
a
in
bo
w
t
r
o
u
t
.
Sa
lm
o
g
a
ir
dn
er
i,
s
ho
we
d
n
o
s
ig
ns
o
f
a
c
c
li
ma
ti
on
to
c
o
n
fi
ne
me
nt
/s
oc
ia
lin
te
ra
ct
io
n
w
he
n
ke
pt
w
ith
a
do
mi
na
nt
fi
sh
fo
r
p
e
r
io
ds
o
f
u
p
to
6
w
ee
ks
(A
.D
.P
ic
ke
rin
g
an
d
T
.
G
.
P
o
t
t
in
ge
r.
u
n
p
u
bl
is
he
d)
.T
hu
s._
pl
as
m
a
c
o
r
t
is
ol
le
ve
ls
in
c
hr
on
ic
al
ly
st
re
ss
ed
fi
sh
m
a
y
be
el
ev
at
ed
fo
r
p
r
o
lo
ng
ed
p
e
r
io
ds
.
Ev
en
in
th
os
e
sit
ua
tio
ns
o
f
c
hr
on
ic
s
t
r
e
s
s
w
he
re
pl
as
m
a
co
rt
iso
l
le
ve
ls
ha
ve
r
e
t
u
r
n
e
dt
o
ba
sa
l
v
a
lu
es
,
e
v
id
en
ce
fro
m
s
t
u
di
es
o
n
th
e
t
il
ap
ia
,O
r
e
o
c
hr
om
is
m
o
s
s
a
m
bi
cu
s,
in
di
ca
te
s
t
ha
t
'
t
hi
s
m
a
y
be
a
c
hi
ev
ed
by
a
n
In
cr
ea
se
in
th
e
cl
ea
ra
nc
e
r
a
t
e
o
f
t
he
ho
rm
on
e
r
a
t
he
r
th
an
by
a
r
e
du
ct
io
ni
n
t
he
s
e
c
r
e
t
io
nr
a
t
e
o
f
c
o
r
t
is
ol
by
t
he
in
te
rre
na
l
t
is
su
e
(B
al
m.
19
86
).
F
u
r
t
he
r
w
o
rk
is
n
e
e
de
d
o
n
o
t
he
r
s
p
e
c
ie
so
f
fi
sh
w
it
h
re
ga
rd
to
t
hi
s
a
s
p
e
c
t
o
f
a
c
c
li
ma
ti
on
to
c
hr
on
ic
s
t
r
e
s
s
.
W
hi
ls
t
c
o
n
s
id
er
ab
le
at
te
nt
io
n
ha
s
be
en
g
iv
en
to
C
ha
ng
es
in
th
e
ad
re
ne
rg
ic
sy
ste
m
a
n
d
th
e
FP
I
ax
is
o
f
fi
sh
su
bje
cte
d
to
bo
th
ac
u
te
an
d
ch
ro
ni
c
fo
rm
s
o
f
s
t
r
e
s
s
,
r
e
la
ti
ve
ly
li
tt
le
is
kn
ow
,
a
bo
ut
th
e
ch
an
ge
s
in
o
t
he
r
co
m
po
ne
nt
s
o
f
th
e
fi
sh
's
e
n
do
cr
in
es
y
s
t
e
m
.
T
hi
s
de
ar
th
o
f
in
fo
rm
at
io
np
a
r
t
ly
st
em
s
fr
om
t
he
la
ck
o
f
su
ita
bl
e
as
sa
ys
fo
r
m
a
n
y
o
f
th
e
pr
ot
ei
na
ce
ou
s
ho
rm
O
ne
s
al
th
ou
gh
th
es
itu
at
io
ni
s
ra
pi
dl
yi
m
pr
ov
in
gw
ith
th
e
pu
rif
ic
at
io
n
o
f
a
w
id
e
ra
n
ge
o
f
te
le
os
t
ho
rm
on
es
.
O
f
th
e
pi
tu
ita
ry
ho
rm
on
es
(ot
he
r
th
an
A
CT
H
).
I
t
I
s
1111111IN
0
M
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M
a
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I
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n
a
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M
I
111111O
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5
known
that
c
e
r
t
ain
forum
of
s
t
r
e
s
s
s
timulatethe
p
a
r
s
intermedia.
Thus
thermal.
shock,
but
n
o
t
handlingstress,
s
timulatesthe
r
eleaseof
e
-
MSH
a
nd
e
ndorphin
(Sumptere
t
al.,
1985;
Pickering
e
t
al..
1986).
H
o
w
e
v
e
r
,
a
p
a
r
t
from
a
r
ole
of
MSH
in
c
olour
change,
the
function(s)of
these
hormonesin
fish
(and
hence
the
physiologicalsignificanceof
this
a
s
p
e
c
t
of
the
s
t
r
e
s
s
r
e
s
p
o
n
s
e)is
u
nknown.
I
n
m
a
m
m
als,
e
n
vironmentals
t
r
e
s
s
is
also
known
t
o
s
u
p
p
r
e
s
s
the
pituitary-gonadala
xis
a
nd
impair
r
e
p
r
oduction(Moberg.1985)
but
little
is
known
about
the
effects
of
s
t
r
e
s
s
o
n
fish
r
e
p
r
oduction(see
Hillard
e
t
al.,
1981).
R
e
c
e
n
tly,
w
e
have
shown
that
both
a
c
u
t
e
(handling)a
nd
chronic
(confinement)s
t
r
e
s
s
C
a
n
s
u
p
p
r
e
s
s
a
ndrogenlevels
in
m
a
t
u
ring
m
ale
brown
t
r
o
u
t
(Pickeringe
t
al.,
1987)
a
nd
that
s
o
m
e
of
these
effects
c
a
n
be
mimickedby
c
o
r
tisolimplantation(Carreghere
t
al..
1989).
C
o
r
tisol
implantationin
o
therwise
u
n
s
t
r
e
s
s
edfish
also
s
u
p
p
r
e
s
s
e
sthe
pituitary-gonadala
xis
of
s
e
x
u
ally
m
a
t
u
ringfemale
t
r
o
u
t
.
These
s
t
udies
r
aise
the
p
o
s
sibilitythat
the
s
t
r
e
s
s
-induceds
u
p
p
r
e
s
sionof
the
pituitary-gonadala
xis
is
m
ediatedby
a
c
tivationof
the
H
P
I
-
a
xis.
The
c
o
n
s
e
q
u
e
n
c
e
sof
this
phenomenon,in
t
e
n
s
of
r
e
p
r
oductives
u
c
c
e
s
s
.
r
e
m
ain
t
o
be
elucidated(see
below).
The
developmentof
s
p
e
cificredloimmunoassaysfor
s
elmonidgrowth
hormone
(CH)
n
o
w
o
p
e
n
s
u
p
a
n
o
ther
a
r
e
a
of
s
t
r
e
s
s
physiology/e
ndocrinology.
E
n
vironmentals
t
r
e
s
s
is
known
t
o
m
a
rkedly'suppressthe
g
r
o
w
th
r
a
t
e
of
t
eleost
fish
y
e
t
,
p
a
r
adoxically,the
a
v
ailablep
ublished
e
videncesuggests
that
plasma
G
H
levels
a
r
e
I
n
c
r
e
a
s
edin
r
e
s
p
o
n
s
e
t
o
a
c
u
t
e
s
t
r
e
s
s
(Cook
a
nd
P
e
t
e
r
.
1984).
M
o
r
e
o
v
e
r
,when
e
almeold
fish
a
r
e
p
r
e
m
a
t
u
r
elyt
r
a
n
sferredt
o
s
e
e
w
a
t
e
r
the
fish
become
s
t
u
n
t
ed,t
u
r
n
dark
in
c
olour
a
nd
show
p
o
o
r
s
u
r
vival,all
characteristics
of
chronically-stressedfish.
U
nder
these
c
o
nditionsplasma
C
H
levels
a
r
e
also
invariablyelevated(Bolton
e
t
al..
1987;
Bjornsson
e
t
al..
1988).
I
t
has
been
P
r
e
P
s
s
ed,therefore,that
the
p
r
oblem
of
s
u
p
p
r
e
s
s
edg
r
o
w
th
r
a
t
e
s
in
s
u
ch
'
s
t
u
n
t
s
'is
r
e
L
a
t
ed
t
o
t
a
r
g
e
t
tissue
s
e
n
sitivityr
a
ther
than
the
r
a
t
e
of
pituitaryG
H
s
e
c
r
e
tion,a
s
u
g
g
e
s
tionwhich
is
s
u
p
p
o
r
t
edby
the
observationthat
6
C
H
binding
in
m
e
mbranep
r
e
p
a
r
a
tionsfrom
the
liver
a
nd
gills
of
c
oho
s
almon.
O
n
c
o
rhynchuskisucch,
s
t
u
n
t
s
is
deficient
c
o
m
p
a
r
ed
with
similar
p
r
e
p
a
r
a
tions
from
n
o
r
m
al
s
m
elts
(Fryer
a
nd
B
e
r
n
,
1979).
Clearly,
m
u
ch
m
o
r
e
informationis
n
o
w
n
e
eded
o
n
the
m
e
chanisms
of
a
c
tion
of
C
H
in
both
n
o
r
m
al
a
nd
s
t
r
e
s
s
ed
fish
a
nd
o
n
the
p
o
s
sible
r
ole
of
insulin-likeg
r
o
w
th
factors.
The
pituitary-thyroida
xis
of
fish
is
s
e
n
sitive
t
o
v
a
rious
forms
of
e
n
vironmentals
t
r
e
s
s
although
the
e
vidence
is-fragmentorya
nd
s
o
m
e
what
c
o
n
t
r
adictory.
O
sborn
a
nd
Simpson
(1974)
found
that
t
r
a
n
s
p
o
r
ting
r
ainbow
t
r
o
u
t
from
a
form
t
o
the
laboratory
r
e
s
ulted
in
a
r
a
pid
decrease
of
thyroxine(T4)
a
nd
t
riiodothyronine(73)
levels
in
the
blood
a
nd
that
those
low
levels
w
e
r
e
m
aintainedfor
the
n
e
x
t
30
days.
M
o
r
e
o
v
e
r
,
n
e
t
ting
a
nd
c
o
nfinement
also
had
a
p
r
olonged,
s
u
p
p
r
e
s
siveeffect
o
n
74
levels
in
this
s
p
e
cies
(Simpson,
1975/76).
Similarly,L
e
a
therland
a
nd
Sonstegard
(1978)
r
e
p
o
r
t
ed
that
P
C
B
c
o
n
t
a
minationr
educed1.11e
nd
T3
levels
in
c
oho
s
almon.
B
y
c
o
m
p
a
rison.
plasma
74
levels
in
r
ainbow
t
r
o
u
t
showed
a
t
r
a
n
sientelevation
followingthe
a
c
u
t
e
s
t
r
e
s
s
of
s
aline
injection
o
r
blood
s
a
m
pling
(Brown
e
t
a)...1978).
This
effect
is
p
r
obably
m
ediatedby
c
a
t
e
cholamine
r
elease
(Hales
e
t
al:,
1986).
Links
between
the
H
P
I
a
xis
a
nd
the
thyroid
gland
have
also
been,postulatedbut
the
effects
of
c
o
r
tisol
t
r
e
a
t
m
e
n
t
o
n
thyroidalactivity
a
r
e
e
v
e
n
m
o
r
e
e
q
uivocal
than
a
r
e
the
effects
of
s
t
r
e
s
s
.
C
o
r
tisol
has
v
a
riously
been
shown
t
o
increase
74
levels
(Milneand
L
e
a
therland.1980),
have
n
o
effect
o
n
thyroid
hormones
(Leatherland.1987).
decrease
7.3but
have
n
o
effect
o
n
T4
(Redding
e
t
al..
1984)
a
nd
decreaseboth.4
a
nd
T3
(Redding
e
t
al..
1986).
Thus,
the
data
indicatethat
the
H
P
I
a
xis
does
interactwith
the
thyroid
but
m
u
ch
m
o
r
e
w
o
rk
is
n
e
eded
t
o
clarify
the
picture.
There
is
little
o
r
n
o
informationo
n
the
effects
of
s
t
r
e
s
s
o
n
the
o
ther
m
ain
c
o
m
p
o
n
e
n
t
sof
the
fish's
e
ndocrine
s
y
s
t
e
m
a
nd
this
is
clearly
a
n
a
r
e
a
for
future
s
t
udy.
F
o
r
e
x
a
m
ple,
in
m
a
m
m
als
p
r
olactin
(PRI.)r
elease
is
almost
a
s
characteristic a
r
e
s
p
o
n
s
e
t
o
s
t
r
e
s
s
a
s
is
the
r
elease
of
A
C
T
H
.
The
r
e
c
e
n
t
M
S
N
IP
0
11
M
IM
ID
O
a
M
I
III
II
O
W
0
0
0
7
de
ve
lo
pm
en
t
a
n
d
v
a
li
da
ti
on
o
f
t
e
le
os
t
p
r
o
la
ct
in
a
s
s
a
y
s
(H
ir
an
oe
t
a
l.
,
19
85
;
P
r
u
n
e
t
e
t
a
l.
.
19
85
)
s
ho
ul
d
e
n
a
bl
e
a
fu
rt
he
r
s
t
e
p
t
o
be
t
a
ke
n
bo
wa
rd
s
o
u
r
u
n
de
rs
ta
nd
in
go
f
t
he
ho
rm
on
al
c
ha
ng
es
a
s
s
o
c
ia
te
dw
it
h
s
t
r
e
s
s
r
e
s
p
o
n
s
e
s
in
fi
sh
.
C
O
N
SE
QU
EN
CE
SO
F
ST
RE
SS
F
O
R
F
I
SH
P
R
O
D
U
C
T
I
O
N
I
n
it
s
s
im
pl
es
t
t
e
r
m
s
,
t
he
li
fe
o
f
a
fi
sh
c
a
n
be
de
sc
ri
be
d
by
3
e
s
s
e
n
t
ia
l
fe
at
ur
es
:-
su
rv
iv
al
,
g
r
o
w
t
h
a
n
d
r
e
p
r
o
du
ct
io
n.
T
he
p
r
im
ar
y
a
im
o
f
a
q
u
a
c
u
lt
ur
e
is
t
o
m
a
x
im
iz
e
t
he
se
t
r
a
it
s
u
n
de
r
a
r
t
if
ic
ia
l,
u
s
u
a
ll
y
in
te
ns
iv
e.
r
e
a
r
in
g
c
o
n
di
ti
on
s.
a
)
Su
rv
iv
al
T
he
m
o
s
t
im
m
ed
ia
te
e
ff
ec
t
o
f
m
o
s
t
fo
rm
s
o
f
p
hy
si
ca
l
s
t
r
e
s
s
(n
et
ti
ng
,g
ra
di
ng
,
t
r
a
n
s
p
o
r
t
e
t
c
.
)
is
o
n
t
he
r
e
s
p
ir
at
or
yS
ys
te
m.
A
dr
en
er
gi
c
r
e
s
p
o
n
s
e
s
a
n
d
t
he
in
cr
ea
se
d
a
c
t
iv
it
y
o
f
t
he
fi
sh
du
ri
ng
s
u
c
h
o
p
e
r
a
t
io
ns
s
t
im
ul
at
e
o
x
y
g
e
n
u
p
t
a
ke
.
Sm
ar
t
(1
98
1)
de
mo
ns
tr
at
ed
th
at
t
he
o
x
y
g
e
n
c
o
n
s
u
m
p
t
io
n
o
f
in
te
ns
iv
el
y-
re
ar
ed
r
a
in
bo
w
t
r
o
u
t
w
a
s
s
t
il
l
e
le
va
te
d
by
m
o
r
e
t
ha
n
50
j
o
n
e
da
y
a
ft
er
t
he
fi
sh
ha
d
be
en
g
r
a
de
d.
T
he
p
r
o
bl
em
o
f
o
x
y
g
e
n
de
ma
nd
is
e
x
a
c
e
r
ba
te
da
t
hi
gh
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
sw
he
n
t
he
o
x
y
g
e
n
r
e
q
u
ir
em
en
ts
o
f
t
he
fi
sh
a
re
hi
gh
e
n
d
t
he
o
x
y
g
e
n
ca
rr
yin
g
c
a
p
a
c
it
y
o
f
th
e
w
a
t
e
r
is
lo
w.
I
n
e
x
t
r
e
m
e
c
o
n
di
ti
on
s
(fo
r
e
x
a
m
p
le
du
ri
ng
t
r
a
n
s
p
o
r
t
a
t
hi
gh
s
t
o
c
ki
ng
de
ns
it
ie
s)
r
e
s
p
ir
at
or
ys
tre
ss
is
di
re
ct
ly
r
e
s
p
o
n
s
ib
le
fo
r
hi
gh
m
o
r
t
a
li
ty
r
a
t
e
s
.
E
v
e
n
w
he
n
t
he
o
x
y
g
e
n
r
e
q
u
in
im
en
ts
o
f
t
he
fi
sh
a
r
e
m
e
t
,
t
o
x
ic
c
o
n
c
e
n
t
r
a
t
io
ns
o
r
th
e
r
e
s
p
ir
at
or
yen
d
p
r
o
du
ct
s,
a
m
m
o
n
ia
a
n
d
c
a
r
bo
n
di
ox
id
e.
c
a
n
bu
il
du
p
.
A
m
m
o
n
ia
t
o
x
ic
it
yi
s
v
e
r
y
p
H
de
pe
nd
en
t(
se
eE
I
F
A
C
,1
97
3)
a
n
d
p
r
o
bl
en
sc
a
n
a
ris
e
in
r
e
c
ir
cu
la
ti
ons
y
s
t
e
m
s
w
it
h
in
ef
fi
ci
en
tb
io
lo
gi
ca
l
fi
lt
er
s.
A
s
e
c
o
n
d
c
a
u
s
e
o
f
m
o
r
t
a
li
ty
in
s
t
r
e
s
s
e
d
fi
sh
is
o
s
m
o
r
e
g
u
la
to
ry
fa
il
ur
e.
T
he
n
e
u
r
a
l-
a
n
d
ho
rm
on
e-
co
nt
ro
ll
ed
r
e
s
p
ir
at
or
ya
dj
us
tm
en
ts
u
s
e
d
by
s
t
r
e
s
s
e
d
fi
sh
t
o
m
e
e
t
t
he
ir
im
me
di
at
ee
n
e
r
g
yr
e
q
u
ir
em
en
tsc
a
n
a
ls
o
c
a
u
s
e
•
t
e
m
p
o
r
a
r
y
lo
ss
o
f
s
a
lt
sf
ro
m
fr
es
hw
at
er
fi
sh
an
d
a
n
in
cr
ea
se
in
s
a
lt
si
n
s
e
a
w
a
t
e
rf
is
h.
I
t
s
e
e
m
s
li
ke
ly
t
ha
ti
nc
re
as
ed
w
a
t
e
rp
e
r
m
e
a
bi
li
ty(
Ad
ed
ir
ean
d
O
du
le
Ye
.1
98
4)
.
8
di
ur
es
is
(O
du
le
ye
. 1
97
5)
a
n
d
in
cr
ea
se
db
ra
nc
hi
al
io
n
fl
tm
es
(L
ah
lo
ue
t
a
l.
.
19
75
)a
re
a
ll
in
vo
lv
ed
in
t
hi
sd
is
tu
rb
an
ce
o
f
o
s
m
o
t
ic
a
n
d
io
ni
c
r
e
g
u
la
ti
oni
n
s
t
r
e
s
s
e
d
fi
sh
.
P
e
r
ha
ps
th
e
m
o
s
t
fa
r-
re
ac
hi
ng
c
o
n
s
e
q
u
e
n
c
eo
f
s
t
r
e
s
s
,
w
it
h
r
e
g
a
r
d
t
o
s
u
r
v
iv
al
,i
s
t
he
da
ma
gi
ng
ef
fe
ct
o
n
t
he
de
fe
nc
es
ys
te
m
s
o
f
t
a
le
os
tf
is
h.
C
u
r
r
e
n
t
ly
,t
hi
s
is
a
la
rg
e,
a
c
t
iv
ea
re
a
o
f
re
se
a
rc
h,
a
fu
ll
r
e
v
ie
wo
f
w
hi
ch
is
o
u
t
s
id
e
t
he
s
c
o
p
s
o
f
t
hi
s
p
a
p
e
r
a
n
d
t
he
r
e
a
de
r
is
r
e
fe
rr
ed
t
o
Sc
hr
ec
k
(t
hi
s
v
o
lu
me
)f
or
a
m
o
r
e
de
ta
il
ed
c
o
n
s
id
er
at
io
no
f
t
he
e
ff
ec
ts
o
f
st
re
ss
o
n
di
se
as
e
r
e
s
is
ta
nc
ei
n
fi
sh
.
H
o
w
e
v
e
r
.s
e
v
e
r
a
l
r
e
le
va
nt
p
o
in
ts
w
il
l
be
e
m
p
ha
si
ze
dh
er
e.
F
ir
st
ly
,a
lm
os
t
a
ll
fo
rm
s
o
f
a
c
u
t
e
a
n
d
c
hr
on
ic
s
t
r
e
s
s
a
re
c
a
p
a
bl
eo
f
in
cr
ea
si
ng
t
he
s
u
s
c
e
p
t
ib
il
it
yo
f
t
e
le
os
tf
is
h
t
o
a
w
id
e
r
a
n
g
e
o
f
c
o
m
m
o
n
p
a
t
ho
ge
ns
(v
ir
al
,
ba
ct
er
ia
l,
fu
ng
al
a
n
d
p
r
o
t
o
z
o
a
n
),
m
a
n
y
o
f
w
hi
ch
w
o
u
ld
n
o
t
n
o
r
m
a
ll
yc
a
u
s
e
di
se
as
ep
r
o
bl
em
s
(s
ee
P
ic
ke
ri
ng
.1
98
8)
.
T
hu
s,
s
im
ul
at
ed
t
r
a
n
s
p
o
r
t s
t
r
e
s
sfo
r
21
h
m
a
r
ke
dl
y
in
cr
ea
se
dt
he
m
o
r
t
a
li
ty
r
a
t
e
o
f
A
t
la
nt
ic
sa
lm
on
Sa
lm
o
s
a
fe
r,
e
x
p
o
s
e
d
t
o
th
e
ba
ct
er
iu
mA
e
r
o
m
o
n
a
sh
yd
ro
ph
il
a,
a
p
o
t
e
n
t
ia
lf
is
h
p
a
t
ho
ge
nw
hi
ch
s
e
ld
om
c
a
u
s
e
s
di
se
as
e
u
n
le
ss
t
he
fi
sh
a
r
e
s
t
r
e
s
s
e
d
(J
oh
an
ss
on
a
n
d
B
e
r
g
s
t
r
o
m
,
19
77
).
Se
co
nd
ly
,
t
he
s
t
r
e
s
s
-
in
du
ce
di
nc
re
as
ei
n
s
u
s
c
e
p
t
ib
il
it
yt
o
di
se
as
e c
a
n
be
m
im
ic
ke
db
y
t
he
a
dm
in
is
tr
at
io
no
f
p
hy
si
ol
og
ic
al
,do
se
s
o
f
c
o
r
t
is
ol
to
o
t
he
rw
is
eu
n
s
t
r
e
s
s
e
dfi
sh
(P
ic
ke
ri
ng
a
n
d
H
u
s
t
o
n
,
19
83
).
T
hi
rd
ly
,
th
e
c
o
n
c
e
n
t
r
a
t
io
nsof
c
o
r
t
is
ol
c
a
p
a
bl
eo
f
p
r
o
du
ci
ng
t
hi
s
e
ff
ec
t
c
a
n
be
a
s
lo
w
a
s
10
n
g
n
1-
1,
le
ve
ls
w
hi
ch
,h
it
he
rb
a,h
ad
bo
ne
nth
ou
gh
tt
o
be
r
e
p
r
e
s
e
n
t
a
t
iv
e
o
f
u
n
s
t
r
e
s
s
e
dfi
sh
(s
ee
P
ic
ke
ri
ng
a
n
d
P
o
t
t
in
ge
r,
19
85
).
T
hi
se
x
t
r
e
m
es
e
n
s
it
iv
it
y
o
f
t
e
le
os
td
ef
en
ce
s
y
s
t
e
m
s
t
o
c
o
r
t
ic
os
te
ro
id
ho
rm
on
es
ha
s
be
en
r
e
c
e
n
t
ly
c
o
n
fi
rm
edb
y
K
a
u
le
e
t
a
l.
(1
98
7)
a
n
d
T
r
ip
p
e
t
a
l.
(1
98
7)
.
F
in
al
ly
, i
n
c
o
r
t
is
ol
-t
re
at
ed
fi
sh
t
he
m
o
r
t
a
li
ty
r
a
t
e
du
e
t
o
di
se
as
e
is
di
re
ct
ly
p
r
o
p
o
r
t
io
na
lto
t
he
p
la
sm
ac
o
r
t
is
olc
o
n
c
e
n
t
r
a
t
io
n(P
ic
ke
ri
ng an
d
Po
tti
ng
er
,
19
89
).
C
le
ar
ly
,a
c
t
iv
at
io
nof
t
he
H
P
I
-
a
x
is
in
s
t
r
e
s
s
e
d fis
h
(w
it
h•
r
e
s
u
lt
an
t
e
le
va
ti
ono
f
p
la
sm
ac
o
r
t
is
ol
le
ve
ls
)is
a
m
a
jo
rf
ac
to
ri
n
t
he
p
r
e
di
sp
as
it
io
n
t
o
M
I
M
I
0
IIII
a
a
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M
N
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a
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a
a
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disease.
I
n
fish,
a
s
in
m
a
m
m
als,corticosteroidss
u
p
p
r
e
s
s
m
a
n
y
different
c
o
m
p
o
n
e
n
t
sof
the
fish'sdefences,includingthe
ability
t
o
develop
a
s
p
e
cific
immune
r
e
s
p
o
n
s
e(Maule
e
t
al.,
1987).
I
m
m
u
nizationof
fish
a
g
ainst
s
p
e
cific
diseasesis
becoming
a
widely
a
c
c
e
p
t
ed
t
e
chniquefor
disease
c
o
n
t
r
ol
but
the
effectivenessof
what
a
r
e
often
e
x
p
e
n
sive
v
a
c
cines
will
be
m
a
rkedlyinfluenced
.
by
the
degree
of
s
t
r
e
s
s
t
o
which
the
fish
a
r
e
s
ubjectedbefore,during
a
nd
after
the
v
a
c
cinationp
r
o
c
edure.
D
u
ring
this
p
e
riod,
therefore,it
is
in
the
fish
farmer'sinterestt
o
minimize,
a
s
far
a
s
is
p
r
a
c
ticable,e
n
vironmental
s
t
r
e
s
s
.
?
b)
G
r
o
w
th.
O
n
e
of
the
first
behaviouralr
e
s
p
o
n
s
e
s
of
fish
t
o
a
n
y
form
of
s
t
r
e
s
sis
a
c
e
s
s
a
tionof
feeding
a
c
tivity,the
duration
of
which
v
a
ries
a
c
c
o
rdingt
o
s
p
e
cies(Wedemeyer,1976).
This
r
eductionin
food
intake,
t
o
g
e
ther
with
the
c
a
t
abolic
effects
of
c
a
t
e
cholaminesa
nd
c
o
r
ticosteroids(see
above).;isu
ndoubtedlyr
e
s
p
o
n
siblefor
m
u
ch
of
the
observedg
r
o
w
th
s
u
p
p
r
e
s
sion
I
•
in
s
t
r
e
s
s
edfish.
When
administerede
x
o
g
e
n
O
u
sly,thyroidhormones(either
alone
o
r
in
c
o
mbinationwith
o
ther
hormones)act
a
s
gomdUi
p
r
o
m
o
t
e
r
s(Higgs
e
t
al.
1977.
1979)
a
nd,
therefore,the
decrease
in
thyroidal
a
c
tivityin
chreniceillyst
r
e
s
s
edfish
m
a
y
also
c
o
n
t
ributeto
the
g
r
o
w
th
s
u
p
p
r
e
s
sion.
The
r
ole
oflgrowthhormone
in
this
c
o
n
t
e
x
t
is
m
u
ch
m
o
r
e
p
r
oblematical.
R
e
c
o
mbinant
forms
o
r
m
a
m
m
alian,a
vian
e
nd
t
eleostgrowth
hormones
a
r
e
all
e
x
t
r
e
m
ely
effective
s
tiaulatorsof
g
r
o
w
th
in
fish
(Agellon
e
t
al.,
1988;
D
o
w
n
e
t
al.,
1988)
a
nd
a
c
t
by
increasingboth
food
intake
a
nd
food
c
o
n
v
e
r
sionefficiency
(see
Gill
e
t
al..
1989).
H
o
w
e
v
e
r
e
a
n
o
t
ed
above,
the
a
v
ailable
e
vidence
indicatesthat
s
t
r
e
s
s
edfish
heve
I
n
c
r
e
a
s
edlevels
of
circulatingG
H
.
If
this
r
e
p
r
e
s
e
n
t
sbiologieallya
c
tive
hormone,it
is
m
o
s
t
u
nlikely
that
administration
of
e
x
o
g
e
n
o
u
sG
H
t
o
chronically-stressedfish
m
o
uld
r
e
s
t
o
r
e
their
g
r
c
m
th
r
a
t
e
.
Finally.litis
born
that
s
o
m
e
of
the
r
e
p
r
oductives
t
e
r
oid
hormoneshave
a
n
aboliceffectsin
fish
(Donaldsone
t
al..
1979)
e
nd,
therefore,the
s
u
p
p
r
e
s
siveeffects
of
s
t
r
e
s
s
o
n
the
pituitary-gonadala
xis
(see
above)
might
also
inhibitg
r
o
w
th
in
m
a
t
u
ring
fish
via
this
r
o
u
t
e
.
1
10
c)
R
e
p
r
oduction.
I
t
has
been
shown
that
the
e
n
vironmentals
t
r
e
s
s
e
s
of
a
cidificationa
nd
s
ublethalpollution
n
o
t
o
nly
s
u
p
p
r
e
s
s
r
e
p
r
oductive
e
ndocrinology(Freeman
e
t
al.,
1983)
but
also
r
educe
the
viability
of
the
g
a
m
e
t
e
s
(Macek,
1968;
L
e
e
a
nd
G
e
rking.
1980).
I
t
s
e
e
m
s
likely,
therefore,that
the
s
u
p
p
r
e
s
siveeffects
of
handling
a
nd
c
o
nfinement
o
n
the
r
e
p
r
oductive
e
ndocrinologyof
m
a
t
u
ring
fish
will
also
r
e
s
ult
in
r
educe
g
a
m
e
t
e
q
u
ality/quantityalthough,at
p
r
e
s
e
n
t
,
w
e
have
n
o
direct
e
vidence
of
this
phenomenon.
Chronic
c
o
r
tisol
elevation
c
e
r
t
ainly
r
e
t
a
rds
g
o
n
adal
growth
independentlyof
s
o
m
a
tic
g
r
o
w
th
(Carraghere
t
al.,
1989)
a
nd
in
vitro
s
t
udies
indicatethat
s
o
m
e
a
s
p
e
c
t
s
of
this
s
u
p
p
r
e
s
sion
might
be
directly
m
ediated
by
c
o
r
tisol(Sumpter
e
t
al.
1987;
C
a
r
r
a
gher
e
nd
Sumpter.
1990
a
,
b).
H
o
w
e
v
e
r
.
this
whole
a
s
p
e
c
t
.of
s
t
r
e
s
s
physiology
a
nd
its
r
elationshipwith
growth
inhibitionn
o
w
r
e
q
uiresrigorous
investigationif
the
s
u
p
p
r
e
s
sive
effects
of
a
q
u
a
c
ultures
t
r
e
s
s
o
n
broodstockendocrinologya
r
e
t
o
be
interpretedin
t
e
r
m
s
of
the
n
u
mber
a
nd
viabilityof
both
e
g
g
s
a
nd
s
p
e
r
m
a
nd
in
t
e
r
m
s
of
the
s
u
r
vival
a
nd
g
r
o
w
th
of
the
r
e
s
ultant
offspring.
M
I
N
I
M
ISINGT
H
E
D
A
M
A
G
I
N
G
E
F
t
t
‘lb
O
F
STRESS
I
t
m
u
s
t
be
s
t
a
t
ed
a
t
the
o
u
t
s
e
t
that,
during
n
o
r
m
al
a
q
u
a
c
ulture
o
p
e
r
a
tions,it
will
be
impossible
t
o
a
v
oid
m
a
n
y
of
the
p
r
o
c
eduresknown
t
o
induce
s
t
r
e
s
s
r
e
s
p
o
n
s
e
sin
fish.
N
e
t
ting,
g
r
ading
a
nd
t
r
a
n
s
p
o
r
t
a
r
e
integral
c
o
m
p
o
n
e
n
t
sof
the
fish-farmingr
o
u
tine
a
nd,
a
t
best,
all
the
fish
farmer
c
a
n
do
is
t
o
minimize
the
effects
of
this
t
y
p
e
of
s
t
r
e
s
s
.
Some
O
r
the
m
o
r
e
chronic
s
t
r
e
s
s
e
s
s
u
ch
a
s
o
v
e
r
c
r
o
wding
a
nd
p
o
o
r
w
a
t
e
r
q
u
ality
a
r
e
a
v
oidable,however,
a
nd
m
u
s
t
be
a
v
oided
if
the
fish
a
r
e
t
o
r
e
m
ain
healthy,
a
t
t
ain
their
full
g
r
o
w
th
p
o
t
e
n
tial
a
nd,
where
a
p
p
r
o
p
riate,p
r
oduce
e
g
g
s
a
nd
s
p
e
r
m
of
the
highest
q
u
ality.
I
t
is
n
o
t
the
p
u
r
p
o
s
e
of
this
p
a
p
e
r
t
o
define
o
p
timal
e
n
vironmental
c
o
nditions
-
indeed
these
v
a
r
y
with
the
s
p
e
cies
a
nd
size
of
fish
a
nd
m
o
s
t
farmersare
familiar
with
the
a
p
p
r
o
p
riateg
uidelines
for
s
t
o
cking
density.
M
P
M
D
M
I
M
I
M
IS
la
S
S
a
•
a
M
O
M
I
11
11
11
w
a
t
e
r
fl
ow
,
fe
ed
in
g
r
a
t
e
e
t
c
.
I
t
is
t
he
p
u
r
p
o
s
e
o
f
t
hi
s
p
a
p
e
r
t
o
c
o
n
v
in
ce
t
he
r
e
a
de
r
o
f
t
he
da
ma
gi
ng
c
o
n
s
e
q
u
e
n
c
e
so
f
s
t
r
e
s
s
o
n
s
u
r
v
iv
al
,
g
r
o
w
t
h
a
n
d
r
e
p
r
o
du
ct
io
ns
ho
ul
d
t
he
se
g
u
id
el
in
es
be
ig
no
re
d.
I
n
t
ho
se
c
ir
cu
ms
ta
nc
es
w
he
re
s
t
r
e
s
s
e
s
(u
su
al
ly
a
c
u
t
e
)
c
a
n
n
o
t
be
a
v
o
id
ed
,
t
he
re
a
r
e
s
t
il
l
s
o
m
e
t
a
c
t
ic
s
t
ha
t
t
he
fa
rm
er
ca
n
a
do
pt
t
o
p
r
o
t
e
c
t
t
he
fi
sh
:-
I
n
g
e
n
e
r
a
l,
t
he
du
ra
ti
on
o
f
t
he
s
t
r
e
s
s
r
e
s
p
o
n
s
e
is
p
r
o
p
o
r
t
io
na
lt
o
t
he
du
ra
ti
on
o
f
t
he
s
t
r
e
s
s
.
T
hu
s,
r
e
du
ci
ng
t
he
t
im
e-
co
ur
se
o
f
n
e
t
t
in
g,
g
r
a
di
ng
o
r
ha
ul
in
g
w
il
l
e
n
c
o
u
r
a
g
e
a
m
o
r
e
r
a
p
id
r
e
c
o
v
e
r
y
o
r
t
he
fi
sh
.
H
o
w
e
v
e
r
,
s
o
m
e
o
f
t
he
s
e
c
o
n
da
ry
e
ff
ec
ts
o
f
a
30
s
e
c
s
ha
nd
li
ng
s
t
r
e
s
s
m
a
y
la
st
fo
r
s
e
v
e
r
a
l
da
ys
(P
ic
ke
ri
ng
e
t
a
l.
,
19
82
)
a
n
d
w
e
r
o
u
t
in
el
y
u
s
e
a
r
e
c
o
v
e
r
y
p
e
r
io
d
o
f
2
w
e
e
ks
in
o
u
r
w
o
r
k
w
it
h
s
a
lm
on
id
fi
sh
.
I
n
bo
th
w
a
r
m
w
a
t
e
r
-
(c
ha
nn
el
c
a
t
fi
sh
,
I
c
t
a
lu
ru
s
p
u
n
c
t
a
t
u
s
)a
n
d
c
o
ld
wa
te
r-
sp
ec
ie
s(
ch
in
oo
ks
a
lm
on
,
O
n
c
o
r
hy
nc
hu
s
t
s
ha
wy
ts
ch
a)
s
t
r
e
s
s
-
in
du
ce
d
m
o
r
t
a
li
ty
in
cr
ea
se
sw
it
h
in
cr
ea
si
ng
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
(S
tr
an
ge
.1
98
0;
B
a
r
t
o
n
a
n
d
Sc
hr
ec
k.
19
87
).
I
t
is
s
a
fe
r,
t
he
re
fo
re
,
t
o
u
n
de
rt
ak
e
n
e
t
t
in
g,
g
r
a
di
ng
a
n
d
ha
ul
in
g
a
t
lo
we
r
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
s
.
T
he
e
ff
ec
ts
o
f
m
u
lt
ip
le
s
t
r
e
s
s
e
s
m
a
y
be
a
dd
it
iv
e
o
r
e
v
e
n
s
y
n
e
r
g
is
ti
c.
B
a
r
t
o
n
e
t
a
l.
(1
98
6)
de
mo
ns
tr
at
ed
t
ha
t
3
r
e
p
e
a
t
e
d
ha
nd
li
ng
s
t
r
e
s
s
e
s
3
ho
ur
s
a
p
a
r
t
e
v
o
ke
d
c
u
m
u
la
ti
ve
s
t
r
e
s
s
r
e
s
p
o
n
s
e
s
in
ju
ve
ni
le
c
hi
no
ok
s
a
lm
on
a
n
d
t
ha
t
t
he
c
o
r
t
is
ol
r
e
s
p
o
n
s
e
o
f
a
c
id
-e
xp
os
ed
ra
in
bo
w
t
r
o
u
t
t
o
a
c
u
t
e
ha
nd
li
ng
s
t
r
e
s
s
w
a
s
m
o
r
e
th
an
t
w
ic
e
t
ha
t
o
f
u
n
e
x
p
o
s
e
d
fi
sh
(B
ar
to
ne
t
a
l.
.
19
85
).
I
f
r
e
p
e
a
t
e
d
s
t
r
e
s
s
e
s
a
r
e
u
n
a
v
o
id
ab
le
,t
he
re
is
a
n
a
dv
an
ta
ge
in
a
ll
ow
in
g
a
s
u
ff
ic
ie
nt
r
e
c
o
v
e
r
y
p
e
r
io
d
be
tw
ee
n
s
t
r
e
s
s
e
s
.
O
t
he
r
fo
rm
s
o
f
m
u
lt
ip
le
s
t
r
e
s
s
e
s
.
s
u
c
h
a
s
a
s
u
dd
en
t
e
m
p
e
r
a
t
u
r
ec
ha
ng
e
du
ri
ng
o
r
a
ft
er
ha
ul
in
g,
s
ho
ul
d
be
a
v
o
id
ed
.
I
n
fr
es
hw
at
er
fi
sh
.
t
he
U
SE
I
o
r
di
lu
te
s
a
lt
s
o
lu
ti
on
s
du
ri
ng
s
e
v
e
r
e
s
t
r
e
s
s
e
s
(s
uc
h
a
s
ha
ul
in
g)
ha
ve
be
en
s
ho
wn
t
o
be
e
ff
ec
ti
ve
I
n
li
mi
ti
ng
t
he
lo
ss
o
f
io
ns
fr
om
t
he
fi
sh
a
n
d
s
ig
ni
fi
ca
nt
ly
re
du
ci
ng
t
he
s
t
r
e
s
s
-
a
s
s
o
c
ia
te
dm
o
r
t
a
li
ty
(H
at
ti
ng
he
t
a
l.
19
75
:
L
o
n
g
e
t
a
l.
.
19
77
:
g
u
t
t
y
e
t
a
l.
.
I
w
).
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T
he
w
it
hd
ra
wa
lo
f
fo
od
2
o
r
3
da
ys
p
r
io
r
t
o
a
n
y
o
p
e
r
a
t
io
ni
nv
ol
vi
ng
c
o
n
fi
ne
me
nt
o
f
t
he
fi
sh
ho
t
o
n
ly
p
r
e
v
e
n
t
s
fo
ul
in
go
f
t
he
w
a
t
e
r
w
it
h
fa
ec
al
m
a
t
t
e
r
a
n
d
r
e
g
u
r
g
it
at
ed
fo
od
bu
t,
m
o
r
e
im
po
rt
an
tl
y,
r
e
du
ce
st
he
o
x
y
g
e
n
r
e
q
u
ir
em
en
ts
o
f
t
he
fi
sh
(B
re
tt
a
n
d
G
r
o
v
e
s
.
19
79
)
t
he
re
by
a
m
e
li
or
at
in
g
r
e
s
p
ir
at
or
ys
t
r
e
s
s
.
A
n
a
e
s
t
he
si
a
c
a
n
a
ls
o
be
u
s
e
d,
wi
th
e
ff
ec
t,
t
o
p
r
o
m
o
t
e
s
u
r
v
iv
al
du
ri
ng
s
e
v
e
r
e
s
t
r
e
s
s
.
A
lt
ho
ug
ha
na
es
th
es
ia
it
se
lf
m
a
y
c
a
u
s
e
a
c
o
n
s
id
er
ab
le
di
st
ur
ba
nc
eo
f
t
he
fi
sh
's
p
hy
si
ol
og
y(
We
de
me
ye
r,
19
70
;
So
iv
io
e
t
a
l.
.
19
77
),
it
c
a
n
a
ls
o
s
u
p
p
r
e
s
s
t
he
c
o
r
t
is
ol
n
e
s
p
c
w
w
e
t
o
a
n
a
c
u
t
e
s
t
r
e
s
s
s
u
c
h
a
s
ha
nd
li
ng
(A
.D
.
P
ic
ke
ri
ng
a
n
d
T
.
G
.
P
o
t
t
I
n
g
e
r
,u
n
p
u
bl
is
he
d-
P
ig
.
2)
a
n
d
re
du
ce
t
he
m
o
r
t
a
li
ty
if
t
he
fi
sh
a
r
e
s
u
bs
eq
ue
nt
ly
e
x
p
o
s
e
d,
w
it
ho
ut
a
n
a
e
u
s
t
he
si
a,t
o
a
s
e
c
o
n
d
s
t
r
e
s
s
(S
tr
an
ge
a
n
d
Sc
hr
ec
k.
19
78
).
T
he
be
ne
fi
ci
al
e
ff
ec
ts
o
f
m
il
d
a
n
a
e
s
t
he
si
ad
ur
in
g
t
he
t
r
a
n
s
p
o
r
to
f
t
il
ap
ia
.O
r
e
o
c
hr
oa
ds
m
o
s
s
a
m
bi
cu
s,
ha
ve
be
en
de
mo
ns
tr
at
ed
by
F
e
r
r
ie
r&
e
t
a
l.
(1
98
4)
.
T
he
a
n
a
e
s
t
he
ti
cc
a
u
s
e
s
a
de
cr
ea
se
in
a
m
m
o
n
ia
a
n
d
c
a
r
bo
n
di
ox
id
ee
x
c
r
e
t
io
n
(a
nd
.p
r
e
s
u
m
a
bl
y.
I
n
o
xy
ge
n
u
p
t
a
ke
).
I
n
th
e
ca
se
o
f
s
p
e
c
ie
s
(o
rs
t
r
a
in
s)
of
fi
sh
n
e
w
t
o
c
u
lt
iv
at
io
n,
a
n
u
n
de
rs
ta
nd
in
go
f
t
he
fi
sh
's
n
a
t
u
r
a
lh
ab
it
at
ca
n
p
r
o
v
id
e
in
si
gh
ti
nt
o
m
e
t
ho
ds
of
s
t
r
e
s
s
c
o
n
t
r
o
l.
T
hu
s,
t
he
p
r
o
v
is
io
no
f
fl
oa
ti
ng
o
v
e
r
he
ad
co
ve
r
n
o
t
o
n
ly
do
ub
le
d
t
he
g
r
o
w
t
h
r
a
t
e
o
f
u
n
de
ry
ea
rl
in
gA
t
la
nt
ic
sa
lm
on
(f
ir
st
g
e
n
e
r
a
t
io
nf
is
h
fr
om
a
w
il
d
s
t
o
c
k)
bu
t
a
ls
o
si
gn
ific
an
tly
I
n
c
r
e
a
s
e
dt
he
p
r
o
p
o
r
t
io
no
f
p
o
t
e
n
t
ia
l
SI
m
o
lt
s
a
n
d
m
in
im
iz
ed
th
o
ha
em
at
ol
og
ic
al
s
ig
ns
o
f
c
hr
on
ic
st
re
ss
(P
ic
ke
ri
ng
e
t
a
l.
,
19
87
).
M
o
r
e
o
v
e
r
du
ri
ng
t
he
fi
sh
's
fi
rs
t
w
in
te
r,
o
v
e
r
he
ad
c
o
v
e
r
ha
lv
ed
t
he
m
o
r
t
a
li
ty
ra
te
o
f
p
o
t
e
n
t
ia
lS
2
s
m
o
lt
s
(A
.D
.P
ic
ke
ri
ng
a
n
d
7.
0.
P
o
t
t
in
ge
r,
u
n
p
u
bl
is
he
d)
.
O
v
e
r
he
ad
c
o
v
e
r
I
s
a
n
im
po
rt
an
tc
o
m
p
o
n
e
n
to
f
t
he
y
o
u
n
g
s
a
lm
on
s'
n
a
t
u
r
a
l
e
n
v
ir
on
me
nt
,p
a
r
t
ic
ul
ar
ly
du
ri
ng
t
he
w
in
te
r
m
o
n
t
hs
(O
un
ja
k.
19
88
).
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I
t
has
been
shown
that
a
c
tivationof
the
H
P/
a
xis,
with
a
r
e
s
ultant
elevation
of
blood
c
o
r
ticosteroidlevels,
is
a
t
least
p
a
r
tly
r
e
s
p
o
n
siblefor
a)
the
increasein
s
u
s
c
e
p
tibilityt
o
disease,b)
the
r
eductionin
g
r
o
w
th
r
a
t
e
a
nd
c)
the
s
u
p
p
r
e
s
sionof
r
e
p
r
oductivee
ndocrinologythat
o
c
c
u
r
s
in
s
t
r
e
s
s
edfish.
C
o
n
s
e
q
u
e
n
tly,a
t
t
e
n
tion is
n
o
w
being
given
t
o
the
p
o
s
sibilityof
r
educingthe
m
a
g
nitude
of
this
a
s
p
e
c
t
of
the
s
t
r
e
s
s
r
e
s
p
o
n
s
e
.
The
c
o
r
tisolresponse.ofwild
r
ainbow
t
r
o
u
t
t
o
a
q
u
a
c
ulturals
t
r
e
s
s
e
s
is
significantlyg
r
e
a
t
e
r
than
that
of
domesticateds
t
r
ains
(Woodwarda
nd
Strange.
1987).
M
o
r
e
o
v
e
r
,
m
a
rked
differencesin
the
m
a
g
nitudeo
r
the
s
t
r
e
s
s
r
e
s
p
o
n
s
e
e
xist
betweendifferent
domesticateds
t
r
ainsof
the
s
a
m
e
s
p
e
cies
(Pickeringa
nd
P
o
t
tinger.1989).
This
indicatesthat
a
c
e
r
t
aindegree
of
e
m
pirical
s
electionfor
low
c
o
r
tisollevels
t
r
has
alreadrtakin-Plice-chiiing.
the
hiitbryOf-rainbowt
r
o
u
t
domestication.
With
the
e
x
c
e
p
tionof
C
y
p
rinid
r
e
a
ring.
a
q
u
a
c
ultureis
a
y
o
u
n
g
industry
a
nd
iL
there
m
u
s
t
s
till
be
c
o
n
siderables
c
o
p
e
for
furtherselection
within
m
a
n
y
s
p
e
cies
for
the
t
r
ait
of
a
r
educe
c
o
r
tisolresponse
t
o
c
o
m
m
o
n
forms
of
a
q
u
a
c
ultures
t
r
e
s
s
i.e.
a
n
a
c
c
elerationof
the
r
a
t
e
of
domestication.
This
a
p
p
r
o
a
chhas
been
e
x
t
r
e
m
ely
s
u
c
c
e
s
sfUlin
the
p
o
ultry
industry
where,
for
.
e
x
a
m
ple,
s
election
of
t
u
rkey
lines
with
r
educed
c
o
r
ticosteroner
e
s
p
o
n
s
e
st
o
c
old
a
c
c
e
s
s
r
e
s
ulted
n
o
t
o
nly
in
increased
r
e
sistancet
o
disease
but
also
in
increasedg
r
o
w
th
a
nd
s
u
p
e
riorreproductivep
e
rformance(Drown
a
nd
N
e
s
t
o
r
,
1973).
the
a
q
u
a
c
ultureindustry,
s
o
m
e
p
r
eliminary.steps in
this
direction
have
alreadybeen
t
aken.
P
a
n
tie
(1982,
1986)
has
shown
that
the
m
a
g
nitildeof
the
c
o
r
'
tisolr
e
s
p
o
n
s
et
o
s
t
r
e
s
s
is
a
heritable
characterin
r
ainbow
t
r
o
u
t
a
nd
A
tlantic
s
almon
a
nd
w
e
have
r
e
c
e
n
tly
c
o
o
m
e
n
c
eda
P
r
t4grammet
o
s
elect
broodstock
r
ainbo.,.tr
o
u
t
with
a
low
c
o
r
tisol'responset
o
the
e
x
x
abineds
t
r
e
s
s
of
handling
.
a
nd
shOrt-termc
o
nfinement.
The
r
e
s
p
o
n
s
e
s
of
240
individuallym
a
rked.
all
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female
r
ainbow
t
r
o
u
thave
been
m
o
nitored
o
n
a
t
w
o
-
m
o
n
thlybasis
for
m
o
r
e
than
a
y
e
a
r
.
D
e
s
pite
c
o
n
siderableindividualvariation
within
the
t
o
t
al
p
o
p
ulation
in
the
m
a
g
nitude
of
the
c
o
r
tisol
r
e
s
p
o
n
s
e
with
time,
t
w
o
g
r
o
u
p
s
(each
of
25
fish)
with
m
a
rkedlydifferent
a
nd
c
o
n
sistent
c
o
r
tisol
r
e
s
p
o
n
s
e
shave
n
o
w
been
identifieda
nd
isolated.
Significantdifferencesbetween
the
t
w
o
g
r
o
u
p
s
in
the
'
s
t
r
e
s
s
'levels
of
plasma
c
o
r
tisol
have
been
m
aintained
for
m
o
r
e
than
a
y
e
a
r
,
indicatinga
c
o
n
siderabledegree
of
s
t
ability
in.this
t
r
ait
a
nd
when
last
t
e
s
t
ed
the
'high'
r
e
s
p
o
ndershad
a
m
e
a
n
p
e
ak
c
o
r
tisol
level
of
161.9
I
10.2
ng
-
-
ml1
c
o
m
p
a
r
ed
with
83.8
4.9
n
g
ml1
for
the
'low'
r
e
s
p
o
nders(p
(
0.001).
C
u
r
r
e
n
t
s
t
udies
a
r
e
n
o
w
c
o
n
c
e
n
t
r
a
t
ed
o
n
the
identificationof
similar
g
r
o
u
p
s
of
m
ale
fish
for
breedingp
u
r
p
o
s
e
s
a
nd
future
s
t
udies
a
r
e
planned
t
o
c
o
m
p
a
r
e
the
s
t
r
e
s
s
physiology,s
u
r
vival,
g
r
o
w
th
a
nd
r
e
p
r
oductionof
the
r
e
s
ultant
offspring.
I
t
is
importantto
r
e
c
o
g
nise
that
this
is
slow,
demanding
w
o
rk
but,
by
a
n
alogy
With-otherfirmsOf
a
g
riculture,the
r
e
t
u
r
n
,
in
t
e
r
m
s
of
increased
p
r
oduction,shouldbe
e
x
t
r
e
m
ely
r
e
w
a
rding.
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A
mbleside,
C
u
mbria
L
A22
O
L
P
I
n
t
r
oduction
A
n
y
deleterious
change
in
the
fish's
e
n
vironment
is
u
s
u
ally
r
eferred
t
o
a
s
a
n
e
n
vironmental
s
t
r
e
s
s
.
H
o
w
e
v
e
r
,
the
c
o
n
c
e
p
t
of
s
t
r
e
s
s
when
a
p
plied
t
o
biological
s
y
s
t
e
m
s
,
has
been
the
s
ubject
of
c
o
n
siderable
debate
a
nd
a
u
ni
Ily
a
c
c
e
p
t
able
definition
has
p
r
o
v
ed
elusive
(see
Pickering,
1981).
D
e
s
pite
this,
m
o
s
t
fish
biologists
a
nd
a
q
u
a
c
ulturists
have
a
n
intuitive
n
o
tion
of
what
c
o
nditions
a
r
e
s
t
r
e
s
sful
t
o
fish
a
nd
in
the
a
q
u
a
c
ulture
industry,
s
t
r
e
s
s
is
frequently
diagnosed
when
the
p
e
rformance
c
a
p
a
city
of
the
fish
is
significantly
r
educed.
The
p
e
rformance
of
a
fish
c
a
n
be
c
o
n
v
e
niently
described
in
t
e
r
m
s
of
its
s
u
r
vival,
growth
a
nd
r
e
p
r
oduction,
a
nd
the
aim
of
this
p
a
p
e
r
I
s
t
o
identify
s
o
m
e
of
the
physiological
a
nd
e
ndocrinological
changes
that
o
c
c
u
r
in
s
t
r
e
s
s
ed
fish,
changes
which
a
r
e
largely
r
e
s
p
o
n
sible
for
a
decrease
in
s
u
r
vival
(by
increasing
disease
s
u
s
c
e
p
tibility),
a
s
u
p
p
r
e
s
sion
of
growth
r
a
t
e
a
nd,
a
s
is
n
o
w
becoming
e
vident,
a
n
interference
with
s
e
x
u
al
m
a
t
u
r
a
tion
a
nd
r
e
p
r
oduction.
P
r
a
c
tical
guidelines
will
be
given
t
o
e
n
able
fish
farmers
t
o
a
v
oid
o
r
minimize
the
damaging
effects
of
e
n
vironmental
stress.
The
s
t
r
e
s
s
r
e
s
p
o
n
s
e


When
a
fish:is
s
ubjected
t
o
a
n
e
n
vironmental
s
t
r
e
s
s
,
it
initiates
a
s
e
ries
of
hormonal
a
nd
physiological
r
e
s
p
o
n
s
e
s
which
a
r
e
designed
t
o
s
witch
the
fish
from
a
n
a
n
abolic:state
(one
in
which
e
n
e
rgy
is
being
t
aken
u
p
a
nd
s
t
o
r
ed),
t
o
a
c
a
t
abolic
s
t
a
t
e
(one
in
which
the
body
r
e
s
e
r
v
e
s
a
r
e
broken
down).
This
gives
the
fish
a
c
c
e
s
s
t
o
e
n
e
rgy
r
e
s
e
r
v
e
s
n
o
t
n
o
r
m
ally
a
v
ailable
t
o
it,
r
e
s
e
r
v
e
s
which
a
r
e
u
s
ed
a
s
it
a
t
t
e
m
p
t
s
t
o
a
v
oid
o
r
o
v
e
r
c
o
m
e
the
immediate
threat.
I
t
is
likely
that
m
a
n
y
c
o
m
p
o
n
e
n
t
s
Of
the
fish's
e
ndocrine
s
y
s
t
e
m
a
r
e
involved
in
this
physiological
change
but
t
o
date,
m
o
s
t
e
e
e
e
e
r
ch
efforts
have
c
o
n
c
e
n
t
r
a
t
ed
o
n
the
r
ole
of
the
hypothalamic-
pituitary-interrenal
a
xis
in
this
r
e
s
p
o
n
s
e
.
I
n
o
u
r
o
w
n
s
t
udies
o
n
brown
t
r
o
u
t
a
nd
r
ainbow
t
r
o
u
t
,
w
e
have
e
x
a
mined
the
r
ole
of
c
o
r
tisol,
the
p
rinciple
s
t
e
r
oid
hormone
s
e
c
r
e
t
ed
by
the
in
e
e
e
e
e
n
al
tissue,
in
the
s
t
r
e
s
s
r
e
s
p
o
n
s
e
.
U
nder
a
q
u
a
-
c
ulture
c
o
nditions
c
o
r
tisol
is
s
e
c
r
e
t
ed
in
r
e
s
p
o
n
s
e
t
o
all
forms
of
physical
disturbance
(see
for
e
x
a
m
ple
Pickering
e
t
al..
1982),
o
v
e
r
c
r
o
wding
(Pickering
&
Stewart,
1984),
p
r
o
phylactic
t
r
e
a
t
m
e
n
t
s
(Pickering
&
P
o
t
tinger,
1984)
a
nd
s
o
cial
interaction
(Ejike
&
Schreck,
1980;
Pickering
a
nd
P
o
t
tinger.
1990).
U
nder
c
o
nditions
of
a
c
u
t
e
e
e
e
e
e
e
,
i.e.
the
s
t
r
e
s
s
is
of
short
duration
a
nd
the
time
c
o
u
r
s
e
of
the
s
t
r
e
s
s
r
e
s
p
o
n
s
e
of
the
fish
far
o
u
tlasts
that
of
the
e
t
r
e
!
s
itself.
c
o
r
tisol
livels
m
a
y
be
elevated
from
basal
v
alues
of
less
than
2
ng
ml
t
o
e
e
e
e
e
e
1
100
ng
ml
yithin
a
n
hour
o
r
s
o
but
Chen
r
e
t
u
r
n
t
o
basal
v
alues
within
24
hours
(Pickering
&
P
o
t
tinger,
1989).
U
nder
c
o
nditions
of
chronic
(continuous)
s
t
r
e
s
s
,
plasma
c
o
r
tieol
levels
m
a
y
be
elevated
for
e
e
e
e
e
e
1
days
o
r
w
e
eks
before
a
c
climation
o
c
c
u
r
s
(Pickering
6
Stewart,
1984).
O
ther
p
e
riods
of
p
r
olonged
c
o
r
tisol
elevation
o
c
c
u
r
during
the
later
p
a
r
t
of
the
s
p
a
w
ning
s
e
a
s
o
n
(Pickering
&
P
o
t
tinger,
1987)
a
nd
daring
s
m
oltification
(Young,
1986).
The
c
a
t
abolic
p
r
o
p
e
r
ties
of
c
o
r
tisol
(Sheridan,
1986;
J
a
n
e
e
e
e
e
W
a
t
e
r
m
a
n
,
1988)
a
r
e
p
r
obabli
of
adoptive
significance
in
the
n
a
t
u
r
al
e
n
vironment
when
the
m
o
s
t
likely
o
u
t
c
o
m
e
of
a
n
y
s
t
r
e
s
sful
situation
is
flight
from
the
immediate
danger,
but
in
a
q
u
a
c
ulture
there
I
s
n
o
e
s
c
a
p
e
a
nd
u
nder
c
e
r
t
ain
c
o
nditions
the
fish's
o
w
n
e
e
e
e
e
e
r
e
s
p
o
n
s
e
c
a
n
r
e
s
ult
in
•
s
e
rious
impairment
of
its
s
t
a
t
e
of
health.
I
n
the
following
s
e
c
tions.
it
will
be
shown
that
elevated
c
o
r
tisol
levels
a
r
e
largely
r
e
s
p
o
n
sible
for
in
d
m
o
r
t
ality,
r
educed
growth
r
a
t
e
a
nd
s
u
p
p
e
e
e
e
ed
r
e
p
r
oductive
a
c
tivity.
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2.
Survival

The
s
u
p
p
r
e
s
sive
effects
of
c
o
r
ticosteroids,
s
u
ch
a
s
c
o
r
tisol.
o
n
the
defence
s
y
s
t
e
m
s
of
fish
have
been
known
for
m
a
n
y
y
e
a
r
s
.
H
o
w
e
v
e
r
.
m
u
ch
of
the
w
o
rk
has
been
u
ndertaken
u
sing
pharmacologically
high
doses
of
hormones
(see
for
e
x
a
m
ple
R
obertson
e
c
al.
1961;
R
o
th,
1972;
Chilmonczyk,
1982)
o
r
u
sing
s
y
n
thetic
s
t
e
r
oids
of
u
nknown
o
r
u
n
m
e
a
s
u
r
ed
p
o
t
e
n
c
y
(Anderson
e
t
al.
1982;
H
o
u
ghton
&
M
a
t
thews,
1986).
V
a
rious
forms
of
s
t
r
e
s
s
have
been
shown
t
o
c
a
u
s
e
a
significant
s
u
p
p
r
e
s
sion
in
the
n
u
mber
of
circulating
white
blood
c
ells
(lymphocytes
in
p
a
r
ticular)
a
nd
it
has
been
shown
that
this
effect
c
a
n
be
mimicked
by
physiological
doses
of
c
o
r
tisol
(Pickering,
1984).
M
o
r
e
r
e
c
e
n
tly,
in
vivo
a
nd
in
vitro
s
t
udies
by
K
a
ule
e
t
al.
(1987)
a
nd
T
ripp
e
t
al.
(1987)
have
shown
that
the
immune
s
y
s
t
e
m
of
the
c
oho
s
almon
is
e
x
q
uisitively
s
e
n
sitive
t
o
liv
levels
of
c
o
r
tisol
a
nd
m
a
y
be
m
a
rkedly
s
u
p
p
r
e
s
s
ed
with
doses
lower
than
10
ng
ml
.
I
t
is
t
o
be
e
x
p
e
c
t
ed,
therefore,
that
c
o
r
tisol
t
r
e
a
t
m
e
n
t
w
o
uld
increase
the
s
u
s
c
e
p
tibility
of
t
eleost
fish
t
o
disease.
This
is
c
e
r
t
ainly
t
r
u
e
for
m
a
n
y
s
p
e
cies
of
fish
a
nd,
for
the
brown
t
r
o
u
t
a
t
least,
it
has
been
shown
that
this
effect
is
dose-dependent
a
nd
is
detectable
a
t
c
o
r
tisol
levels
w
ell
within
the
physiological
r
a
nge
for
the
s
p
e
cies
(Pickering
&
P
o
t
tinger,
1989).
This
demonstration
fits
I
n
w
ell
with
the
observation
that
the
s
m
all,
but
chronic,
elevations
of
plasma
c
o
r
tisol
levels
during
s
m
oltification
a
nd
s
e
x
u
al
m
a
t
u
r
a
tion
a
r
e
p
a
r
alleled
by
increases
in
the
s
u
s
c
e
p
tibility
of
the
fish
t
o
c
o
m
m
o
n
diseases
(see
for
e
x
a
m
ple
Pickering
&
Christie.
1980).
G
r
o
w
th
Stressed
fish
a
r
e
characterized
by
a
m
a
rked
s
u
p
p
r
e
s
sion
in
their
growth
r
a
t
e
,
e
v
e
n
when
they
a
r
e
p
r
o
vided
with
adequate
food
s
u
p
plies.
Clearly,
o
n
e
important
a
s
p
e
c
t
of
this
phenomenon
is
the
behavioural
o
n
e
of
r
efusal
t
o
feed.
After
a
n
a
c
u
t
e
s
t
r
e
s
s
,
this
effect
m
a
y
last
for
s
e
v
e
r
al
days.
the
e
x
a
c
t
p
e
riod
being
dependent
o
n
the
s
p
e
cies
(and
s
t
r
ain?)
of
fish
(Wedemeyer.
1976).
I
n
addition
t
o
this
effect
of
s
t
r
e
s
s
o
n
feeding
behaviour,
however,
the
c
a
t
abolic
effects
of
c
o
r
tisol
o
n
the
fish's
o
w
n
body
r
e
s
e
r
v
e
s
a
r
e
also
r
e
s
p
o
n
sible
for
s
o
m
e
of
the
observed
growth
s
u
p
p
r
e
s
sion.
Thus.
B
a
r
t
o
n
e
t
al.
(1987)
a
nd
D
a
vis
e
t
al.
(1985)
have
shown
that
c
o
r
tisol
t
r
e
a
t
m
e
n
t
significantly
s
u
p
p
r
e
s
s
e
s
the
growth
r
a
t
e
s
of
r
ainbow
t
r
o
u
t
a
nd
channel
c
a
tfish
r
e
s
p
e
c
tively.
The
m
agnitude
of
this
effect
a
p
p
e
a
r
s
t
o
be
s
p
e
cies
s
p
e
cific
because
Pickering
e
t
al.
(1989)
have
shown
that
the
s
e
n
sitivity
of
brown
t
r
o
u
t
t
o
physiological
doses
of
c
o
r
tisol
(in
t
e
r
m
s
of
both
c
a
t
abolic
p
r
o
c
e
s
s
e
s
a
nd
disease
r
e
sistance)
is
significantly
greater
than
that
of
the
r
ainbow
t
r
o
u
t
.
I
t
has
already
been
s
t
a
t
ed
that
s
almonid
fish
will
a
c
climate
t
o
c
e
r
t
ain
forms
of
e
n
vironmental
e
t
r
e
s
s
r
e
s
ulting
in
•
r
eduction
of
c
o
r
tieol
levels
t
o
basal
v
alues
despite
the
c
o
n
tinued
p
r
e
s
e
n
c
e
of
the
s
t
r
e
s
s
.
H
o
w
e
v
e
r
u
nder
these
circumstances,
s
o
m
a
tic
growth
s
a
y
s
till
be
s
u
p
p
e
e
e
e
ed
(Pickering
&
Stewart,
1984)
a
nd
it
s
e
e
m
s
likely,
therefore,
that
o
ther
factors
a
r
e
also
r
e
s
p
o
n
sible
for
s
t
r
e
s
s
-
I
nduced
growth
s
u
p
p
r
e
s
sion.
O
n
e
p
o
t
e
n
tial
c
a
ndidate
is,
of
c
o
u
r
s
e
,
pituitary
growth
hormone
(CH)
-
a
p
o
t
e
n
t
growth
p
r
o
m
o
ting
a
g
e
n
t
in
t
eleost
fish
(see
r
e
view
by
W
e
a
therley
6
Cill,
1987).
The
development
of
t
e
chniques
for
m
e
a
s
u
ring
C
H
in
fish
blood
I
s
r
elatively
r
e
c
e
n
t
(Cook
e
t
al.
1981;
B
olton
e
t
al.
1986;
W
agner
M
c
K
e
o
w
n
,
1986;
L
e
B
ail
e
t
al.
1990)
a
nd
the
s
t
udy
of
the
physiological
r
ole
of
fish
growth
hormone
la
s
till
in
its
infancy.
P
r
eliminary
s
t
udies
(Pickering
e
t
al.
1990)
have
shown
that
a
n
a
c
u
t
e
s
t
r
e
s
s
,
s
u
ch
a
s
short-term
c
o
nfinement
in
s
m
all
a
q
u
a
ria,
c
a
n
c
a
u
s
e
•
significant
s
u
p
p
r
e
s
sion
I
n
the
c
o
n
c
e
n
t
r
a
tion
of
circulating
C
H
in
the
r
ainbow
t
r
o
u
t
.
I
n
c
o
n
t
r
a
s
t
,
the
chronic
s
t
r
e
s
s
of
o
v
e
r
c
r
o
wding
c
o
mbined
with
w
a
t
e
r
q
u
ality
deterioration
p
r
o
m
o
t
ed
a
n
increase
in
circulating
C
A
levels.
This
latter
observation
m
a
y
r
e
p
r
e
s
e
n
t
a
r
e
s
p
o
n
s
e
t
o
a
s
t
a
t
e
of
physiological
11
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4.
s
t
a
r
v
a
t
io
nc
au
se
d
by
o
t
he
r
s
c
r
e
s
s
-
r
e
la
te
df
ac
to
rs
.
C
le
ar
ly
,
m
u
c
h
m
o
r
e
w
o
r
k
is
n
o
w
n
e
e
de
d
o
n
t
he
r
e
la
ti
on
sh
ip
sb
et
we
en
e
n
v
ir
on
me
nt
al
s
t
r
e
s
s
a
n
d
g
r
o
w
t
h
s
u
p
p
r
e
s
s
io
n
I
n
t
e
le
os
t
fi
sh
u
n
de
r
a
q
u
a
c
u
lt
ur
ec
o
n
di
ti
on
s.
R
e
p
r
o
du
ct
io
n
U
n
t
il
r
e
c
e
n
t
ly
t
he
re
w
a
s
v
e
r
y
li
tt
le
di
re
ct
e
v
id
en
ce
li
nk
in
g
e
n
v
ir
on
me
nt
al
s
t
r
e
s
s
w
it
h
t
he
r
e
p
r
o
du
ct
iv
ep
hy
si
ol
og
yo
f
fi
sh
he
ld
u
n
de
r
a
q
u
a
c
u
lt
ur
ec
o
n
di
ti
on
s,
a
lt
ho
ug
h
c
o
n
s
id
er
ab
le
c
ir
cu
ms
ta
nt
ia
le
v
id
en
ce
s
u
g
g
e
s
t
e
d
c
ha
t
v
a
r
io
us
fo
rm
s
o
f
s
t
r
e
s
s
w
e
r
e
c
a
p
a
bl
e
o
f
s
u
p
p
r
e
s
s
in
gr
e
p
r
o
du
ct
iv
ea
c
t
iv
it
y
in
fi
sh
p
o
p
u
la
ti
on
s
(s
ee
P
ic
ke
ri
ng
e
t
a
l.
19
87
).
T
he
c
o
n
t
r
o
l
a
n
d
s
y
n
c
hr
on
iz
at
io
no
f
s
e
x
u
a
l
m
a
t
u
r
a
t
io
n
is
.m
ed
ia
te
db
y
a
s
e
t
o
f
e
n
do
cr
in
eg
la
nd
s
w
hi
ch
c
o
n
s
t
it
ut
et
he
hy
po
th
al
am
ic
-
p
it
ui
ta
ry
-g
on
ad
al
a
x
is
.
P
ic
ke
ri
ng
e
t
a
l.
(1
98
7)
o
bs
er
ve
d
t
ha
t
p
r
o
lo
ng
ed
(1
m
o
n
t
h)
c
o
n
fi
ne
me
nt
s
t
r
e
s
i
n
o
t
o
n
ly
c
a
u
s
e
d
a
s
ig
ni
fi
ca
nt
e
le
va
ti
on
of
p
la
sm
a
c
o
r
t
is
ol
le
ve
ls
bu
t
a
ls
o
r
e
du
ce
d
t
he
c
ir
cu
la
ti
ng
le
ve
ls
o
f
t
he
t
w
o
a
n
dr
og
en
s,
t
e
s
t
o
s
t
e
r
o
n
e
a
n
d
11
-k
et
ot
es
ce
ro
ne
.i
n
s
e
x
u
a
ll
ym
a
t
u
r
in
g
m
a
le
br
ow
n
t
r
o
u
t
.
M
o
r
e
o
v
e
r
,t
he
s
a
m
e
a
u
t
ho
rs
fo
un
d
t
ha
t
a
p
e
r
io
d
o
f
1
ho
ur
o
f
c
o
n
fi
ne
me
nt
w
a
s
s
u
ff
ic
ie
nt
t
o
c
a
u
s
e
a
p
r
o
lo
ng
ed
s
u
p
p
r
e
s
s
io
no
f
t
he
se
t
w
o
a
n
dr
og
en
s,
w
it
h
a
r
e
c
o
v
e
r
y
p
e
r
io
d
o
f
24
ho
ur
s.
P
a
r
a
do
xi
ca
ll
y,
p
la
sm
a
g
o
n
a
do
tr
op
in
(G
TH
)
le
ve
ls
w
e
r
e
e
le
va
te
d.
F
o
ll
ow
in
gu
p
t
hi
s
in
it
ia
l
s
t
u
dy
,
C
a
r
r
a
g
he
re
t
a
l.
(1
98
9)
fo
un
d
t
ha
t
im
pl
an
ta
ti
on
o
f
p
hy
si
ol
og
ic
al
le
ve
ls
o
f
c
o
r
t
is
ol
t
o
o
t
he
rw
is
eu
n
s
t
r
e
s
s
e
df
is
h
a
ls
o
in
te
rf
er
ed
w
it
h
t
he
p
it
ui
ta
ry
-g
on
ad
al
a
x
is
o
f
bo
th
s
e
x
e
s
o
f
br
ow
n
t
r
o
u
t
a
n
d
r
a
in
bo
w
t
r
o
u
c
.
I
n
s
e
x
u
a
ll
y
m
a
t
u
r
in
g
m
a
le
fi
sh
,
c
o
r
t
is
ol
t
r
e
a
t
m
e
n
ts
ig
ni
fi
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f
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p
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p
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c
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p
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c
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c
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c
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p
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a
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t
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r
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p
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r
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ra
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p
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ra
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.
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p
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c
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p
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c
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p
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c
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c
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c
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p
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r
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c
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r
t
is
ol
r
e
s
p
o
n
s
et
o
t
he
va
rio
us
s
t
r
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p
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p
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c
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c
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c
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r
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r
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ra
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c
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re
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r
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u
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f
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w
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at
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p
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ra
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c
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r
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p
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r
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r
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c
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n
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p
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Seam
y
W
e
have
shown
that
s
t
r
e
s
s
-inducedc
o
r
tisolelevationplays
a
c
e
n
t
r
alrole
in
increasingthe
s
u
s
c
e
p
tibilityof
fish
t
o
disease,
in
s
u
p
p
r
e
s
singg
r
o
w
th
r
a
t
e
s
a
nd
in
interferingwith
s
e
x
u
al
development.
There
a
r
e
s
e
v
e
r
alstrategiesthat
the
fish
farmer
c
a
n
adopt
t
o
minimizethe
damaging
effects
of
s
t
r
e
s
s
but
the
long-terms
olution
m
a
y
be
found
in
the
developmentof
s
t
r
e
s
s
-
r
e
sistantst
r
ains
of
fish.
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